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nvouni bovyn 


pDip pin -1 pio 


pim pinn 'rv ’p’pVnn nj3>n -1 jn<> 

,pmøi 10 v*v tf m møDømn jo” 

.*pni o>øwn pi v>-nota w,ip m on v> 

t?"nab 460-370 .oiunpim >3ii>n ^roi^’on 



’V2U ^’311 W>2) DIT :1 *11’N 


.invbn o»nn tin *iNnb rmp\y yioa *p bi nip bmym idieppp dvd 
vn ,yiobt> nbb Dbiy pnarb *pvm jabi o’irø iso ’aob rmyuNp dn pn*n dn 
pq jtnatn in Dinm man xbb ,D”bmpn D>yian in iiynn Nt>b ,nnmb\o in 
ns’Qpn dn iNnb p\yp .nvn pyam nn n>p dj ,np^n n^myn mia dup 

.tnd nmyyaiy pphnp nmtnaDon 
bni»N tami\y» otapm ,>\p>n nipnnn D’^nn *nyna nn^pin nbN nnrø 
- niDDinn ,n^ND>an pnbam niysoNi inbiany niainn ,i\ynnn ipoipip 
p>naNi DDninn \ym>\y \p> dpi DmiPDn nbM - vi npirn in iv>b nuoian 

.n’bniyn 

piNb noa*pi nnonn dpiipp n»aibiaD\?m vinn »mnnn nninaNp 'iv y*pp 
]nd N>inb baia n^ .niany nioipn pa abia niyoinp jin mnb laNiaai ,opipp 
mniynnn bi dn vxnb ^aia nb mi ,7y* ppn iy* »nmbianap ninnannn dn 
b>v nmutj’nb yw m Niøia ;mynao D”i^ pia tanpinn dn ii^ip 
noaa nr natn .NPipp ^>ip nnaa ma”aynpV nm vmyai ,my*mp mnnonn 
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nroiini bnnn 


pbip pin -1 pna 


bnipnn min np>v dn pnnb upontup ,n>3irøn rmnn nmb mipb 

.rirtmom 

KUO 1 - 1 

i»bN i\yin ,nnua <iiyanyiy /naiv" Nnpm nmnia nnaivn tin ib’in n»m>>Nna ivnn D»ni»n 
larøaiw naiv »an »irøiv nbmn nm» nniNn ."pnnpbN" n»iii»a Nnpi naivn .D»nnN D»an 
laipaiw d»ii\>> D’nmnn D»»nvvn D»au pai>> iNnn D’ann d»»id»i .nrn nr D»nm nnua 
»nn »ny pa D»i»nan nrn biy D’iiyina .na’iyn bw in n»»nn brø n»»bmvn mnia D»bvia 
»niv D’ivnm ,nrb nr D’aivm jmo »niy n»ivnn .»b»biv ivnm »arn ivnn :D”bmyn D»ivnn 

.nrn nr D»nni in»n 


*— ^ -► 

D’ivnn pa n»»nm na»nn mma :2 m»N 

dn p»ub nn’paniv ,D»»nin»niy n»in»n nn i"+" n»»naibNn n»in»nniy p»ub rnpnn ind 

.narni mvmvn ba nbN o»in»nb nn»»b pNi ,ivnnn »nn »nv nrp 
hn nnupa mpni pb’biy pnna D»nnNi »avn jvnna D»nnN D»an n»ivni nu»a panb »na 

„ f{ . .nmnn man bv vn»n 

-lOinn nuo 

Nin vana mnm»n nann .vana D’V’oinn niTiO’n bw D’iiw D»ainun n»aamn rnnninn ba 

nmn» bw D»»nn inr .npnn nmavna nnNn nu»iv n»»maNbn nmn» 15 -a niv iv»i ,92 
D’uiai nmm’nn pbn .n»»van mmn»a D»n»»pnn di»n Dn pb ,mNn nup nbN D»»maNbn 
D»n»ni nn nrru in mnn»a ina mnm» ,nnmvb .nwinn bna ,in»n ,pnn ma ,n»naim 

.nma D»nain nn p bvi ,yiai ii»n nna røimivn ,nm» 
Num ,mann n»n na»n n»uh dn .d»d nb»amv maa piani nmnn man nN panb »na 
n»inp D’pbnb na»nn nN pbm dn .maa innmy n»nn nn» bw mnanb nmr na»nn ninaniy 
»ninNi tn»n »mnNn n»aamn n»nniv nbm n»nn b\y »ninNn manb v»ii ,mvi niv nm» 
pi»n impn ,"mnN" aiyinn .n»»bnwn mnia mvunNa nn»i»a n»nainn O’QlUNTl -iunn 
n’pbnn aanm mnNniv nnann 20 -ni 19-n niNna ."npibnb pm »nba" inivmym ,np»nvn 
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htojwi bnon 


■pbip pin -1 p‘ 


mwn ooion inN bo bo rmiDnn nn ioi JnnnopbNi doiioo ,o»nono nnv DO’yr 

.diond in’ ooniNn dh iso tdoj p inNi pan 

« 

:nNin nbnoa omni dionh ooinn mN bD bo ponn aioi nionn 


(kg) nonn 



m p = 1.67-1 o' 27 

+ 

pOUD 

m n = 1.67 -io' 27 

0 


m e = 9.n- 10' 31 

* 

mø 


dionh oom Pu> ooyonm monn nbao :3 ion 


’nonn .oonooni omoiiDn on bon pynin .dionh biob ono ppi idd pyp DioNb 
,ooiim mb ,01PN brø TiBBn aioma .D’33K^pl3 DDiDn nonoom ddioiido pyun 
in porno nonn pya 1830 o mop DonopbNn non o pymn nona pi aonnnb o’ 
bND pymb on”m dn .DoiN’bpon nonb ono nnnr DonopbNn non p by , 2 pioon 

.10' 14 m bo bio non Nin py*l37l B1HHØ N*ni ,iiid 
D3 bblDtø) mOND tnn*U2> ID pymnn ido pmnn ,D»3*nop^Nn D’N*m pymb a»aon 
.pymn ovnn 10,000 »o bmn py imbD ,10' 10 m bo biu non Nin (DBVlDpbNn JlN 
bo pyrn ooioi on ,bonb .dion ido bo p by ran m’n mpa i’ob iodn >n it ni’on 
ipymnn 50m ...pmnn oonopbNn nN ooiob o’ ,5mm oi’ni dion 
. pn Nin ininn bo lano N’n nbN o’idi bo Dmynon 


n’ion bnn ’D by ovmb oion bo iiN’n :4 ion 


: '= „ , t .O’pTlIpn J1N 1’1U funni 1 

•l’vnn l\y npn ’01 ym m Pin .ynoon nunn oym row yiorian nun 2 
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nvvmoi bavn 


pbip pin -1 pna 


Nin pb ,t?DN 13VPO ba p p by .DurnapbNi tjunma b\y nnr nat>n b’an ’b*ltPJ D1PN 

.n’bniyn nvnia ’bnou 

\-inN <p3b in« <p3n nurrøpbN mayna ,bba pia .navra - <pp piana D’au nuyiorn 
pyo <ii3 ib’Ni ,-inN <ii3n tmvnapbN ib latrmy <113 Nin ’b>bl2> >^Orøn p>P02 pyt) <VU 

.ounopbN unn pn33i2> <ii3 Nin >2Vn »bn^Tl p>t)D2 
OH tD’3nt)p^Nn .D’rypi nn dn .D’pma D’aua .D’pSlD D’fiP nryoi pitp) -p/nna 
dd ,Q’3’yn3n lim o’Nsm DUiunan .Duiunan Nbi inNb nnN oiuNn D»*myiy T\*?H 

.Doipon pmnnb D’bsitm di’ni ,psian <ii3n Tbiyn pbn 
nn TiNDn pnn dd DumapbNn pab Dunanan pa D”boii>nn ropønn ditto 
pnn ,ni^)’)33 ina Dnninn nmanb D”N-inN dpi ,i3a>aoni» D’pmnn nnninb D>01t>Nn 
4 .niaou ninam n’nmi n’bniyn nia’bin ,nvaiøb 

bp ni3ian bnab D’ipni .ninna nianab bnan nN dhsnd nbN D”b?:iyn ninia ,D’bma 

.D”b3 nvnb brun uab nniyaNoia mp’m 
pblp SI nnuv nanyna niNnpin nirm ,nbaua DP’ainiy tvp’pbnn bip naiana ,ponb 

."C" D’intJD jniN 

K’n pbipn m>n’ .q e = - 1.6022 *10' 19 C pniapbN bip uyian Nin 4 yai32 HTtJ’n prønn 
pniapbNn poo bna .D’riona in DunopbN 6.25-10 18 a bip pianb niiip N’ni ,tiNn nbrT3 
byi ,1909-1913 nnipa (R. Millikan) ip’b’Q tnan n» by ntman ’iuua nai\>)N“ib "nas 

.4 pnaa inid’ nr ’itv) .1923 rum np’rab bau maa nar Nin *p 
.»avn ua’ti in .pnupbNn ponb nnr piman jyoo 
hpnp ,ne miba pntvn ponn bip nnbip nbiaa nipynb Nin pyia <p3 ba b\p uyian 

.nna’n ponn dn inon e -i, n = 1,2,3.... 
pbnnn .’b’bip in »avn nvnb bia’ p’ nnam yaom ,p» Nnpa nonopbN roanip dion 

.pj» Nnpr p>b iam ’bNioo dion ia\p 


DJwni ,o’onn inNO nonen mm naww uno no mpm .->n>n pco miyn dj pnm 3 

.•>ni>n »i an 

,(+2/3) ivdd ’l’va: rt»o o>p>pbn ’jrø o’o»p ."quark" Nipw p’p^n or>p nin>3Q rrprmo ninw>n 4 

yvaja o’JiNPpun y’jan on ,nniN’im •>&>. (-l/3)-i 
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nvoinai baon 


pbip pin -1 pna 


,’bNnua pan DiPNb nmiona d’opii D’iinopbN ao ib o>o pan p> iaoa O' 2 po>On 
vnaa-u) nnNb pai’n pa>a p> ja»a H + nnspa in H +1 ,pn>on nan piNa .2e uyaa pbi 
innimo mp’ona nnNa d>dij Dayia noNa .+1.6-10" 19 C uyoa pbi .DiPNna pnapbN 
pblpn m»n> p >a by «in .nnNn <pab nnN *paa tind D»an oanupbN nay> anb ,nr pnaa 
m>n>a in ,10' 6 C n>ho jiC -pbipnp’a nn>n>a oanoi mainp D>nyb pbi »ilOl^y N’O 

.10' 9 C N>no nC -pbipio 


*13000 Nipi"Z"-naoan .nnaoa on AiZnoNa ^ X baon o>by X dipn p»9Nb aim 


,0000 *1300 Nipi "A" -naoan .DioNa o>o Daionan naoa dn pn*a Nim ,’OIONO 
naoa >n> by p’aiNa mo> .(DaiNbpun Diao) Danonin naoai Daionan napa map Nim 
-a nno ia Daionan naoao dipn .3 Nin ormb DiPNa Daionan napa ,boab .oaionan 

.Z*i A ,ia»aNai Diavb dipn ,m>Na .Di»n>b dipn aa>N 3 



.pynaao Danoan napaa pm in ma m D’bnain * 110 ’ 101 K D’OION dd D’OIOIT’N 

"DinpiNn" ,"ia’a" Daian D’aioir’Nn .]H■ i ]H,\H a yapa y>aia la’an .naanb 

.mm D’aiPit’Nn bo nva’an nuiann ba .naNnna "oi’pnp"i 
,Dano>i3 >301 o>3ipma >ioa aama Nim ,Di>bn pynab >i3>a nid a p’pbno pan qioabi 


.+2e ayoai A a = 4 -1 Z„=2 


tnna^i oo ,, ?i2 i.$ 

.o>3yoa bo "py” o>mna ,oapa dionP oaa omop 03 >n 013003 oanopbNna pbn 
.nan mbpa nanan *jina yob o»oain om /’nabm ainopbN” o>Nnpi nbN oanopbN 
o> .D3io ma>bian nma obiN ,ma>bia manan ba .D’D’blO D>Nnpi n mian >bya o>nain 

.aio mna o>a>biao nnnw ,nni> aio niaPiao nbNa 
PN oamb pbi ,pin nopa o>aiPNb omop ona oanopbNn amo o>nam on DH1130 
ami maiai ,>aa ,>(y 10 a onain .o>ipa oioNa pnnnnb onb noawao nyan noia 
naina maoy onanmo nana >ba ^pin 5 m>Na .o>rnaa onain on o»ooban onainn 
bo o>ayoa ,p by ,na>bia nanan tn pimnb w oana nnanb >pm nanan pnn .maa 
.mbaonnn map aaa oanoan by pnb >na ,rnaa nain ni>ioy m>n>n ,nin>oa 
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nvoiini bo\yn 


libip pin -1 pna 



-wyv pm i.m 

-]H ,-itin <iub in« qua ivpq -nyn w d’ou ni’yv? ibnn2 .mm >3 y2i?2 pnann mnD 
D’^mnniy n’D’bnnn niinn nn ni2’iyn unnyn ’pin bDb .D’abyi Nbi Dn^u rrb o’iyun 
ina niisiai nirwiim yin’nb mibn by bpn inmam ,nm nunyn p>onn nnny pinb .y2i?2 
Nbn ,D”bnwi n»iypo tjn*”n di»« hwijj in nbbio .n’iyon imv nbbitrø nmmn ir 
.D’n raNiønb nnm - mpnb mpnn n’iyonn jin nyprrø n>bniyn n>n 3 N tj’p’iyo 

.o»n imi> na»K N>n in ,D>n nynnb ntnu niNiønn 


ttr$u trjyiv wa i.$ 


nrv’ nryv j< 

nmn ir .nr 1 ? nr nmun n’iyoni D’iyiai m*ni uinn .d’didt omn ms D>aiya\>m -iiønd 
nmnn ?>b’biy iyi?ni p> 0 ” <113 mno ’ivn ivona tyo” <iu nrn< yn *re ’2 -\h .m>iy> nryub 
,’3iu>m HN’ra panoi nr 2brø2 pb ,i^3 Niyiin nn»i) ibnm otnnn nr myn biy npiayn 
> 3 iD ’a by ,nniy m’n 2 D’iniapbN D’Diyin B -1 A Dnmn >i\y .nuuiyan in 12 \yny 
by B-b A i ’2 "nnnn" imu ,nr 2 nr D»au >i\y <iii»aio ibnn 2 .D> 22 nn Dn onniy D’nioNn 


rma inin2 n’aisn D”ronn mi2y >b2 :5 n’N 
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nvvvini bavn 


pbip pin -1 paa 


amnn .Dnn anNb itt 3» nbN n»3iavpbNn pbm .onninn naiy by n»N3rn3i>> D»3iavpbNn 
6 ai’Nav nuinna .»avn p>vna - anNm ,»b»biø jyvna p»v»» n»3iavpbNn d»ttu vbN\y 
,naiaNn n»nibn .»avn jyvna miyv ,»an»bia mm mnyyn nniaNn n’mbniy niNab a\yaN 
,nvbav»3 nb’nn vn nvnibn »n\y .»b»b\>> jyvna miyv ,n3i\y »an»bia amnn mnyyn 
<pa b\>> vyvn nN mn Nim ."avmibip" in jyvn m Nin ai»Na a»i»>ann .a»»3a ia\>>ai\>n 


.yma id»n Nainn 



avmibip mysnNa jyvnn vv ny»ap :6 *ivn 


?i3yv»» mamnn nNn ,nniaN nvnib »niy bianb ,nra nr D»nr D»amn »did n»ai»a\yn 




nKwn 'i' V nr/v .a 

<pan pab pyvn <pjn pa a»iy» van pN airma n»au m»yvb »i3»a N»n "nNaiyn n» by m»yv" 
.tva»bin D»ana »3iy biy nNaiyn n» by m»yv T^nn ind mm ,nmnb .tyu3n 

:nn m»yvn »ab\y 

.»avn vinn jyvniy n»33 .aaa vinn <piyai>> n» by na»ir>» m»yva rvaiar oiq D»3yiv .n 
» bNnwn maan bN vinn nN D’aapni ,nrb nr D»»bm»3 nann »ana »3iy D’a’mrn 
naaan .vinn nyaiyna D’iyvn naaan niynann D»aiaaa .(7 ai»Na aNinna) bvnb 
nn»bN vn»»n3 dn ,D»anan »3iy b\y bbian jyvnniy iy»ja3 .3TO>j? nNap3 ir D»3yvn 
nyawnai ,nn»ry t3»aiaaa naipn ia»i3rø n»3yvnn ba .vaN Nin ,a»n» *p^» *1« bNa 

.n»aiaan i»a iai3 Dn ,pyvn vinn 

iniNa aNinna ,pyvn vinn mnava ny3rann nnann .n»aiaan »3iy pa n»a»aan .a 

.ai»N 
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nvvmoi 


■pinp pin -1 
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t?ovyn 


libip pin - 


tbanpb pn>n nryun ’ibp 

.112 umn <ppap n» by ’ivn jypni mur um D’iyiu .1 
.n -8 *ivn ,210’p *1213 mm mnn mi bu pyun omn dn D’mpn .2 
bN nm^nn D’my D’mupbN ,nr isni .nms^ *pbm nimi min nu Dmnn .3 

.2-8 m»N ,oinn nyapni min 

min by DnNPi D’inopbNnp *p ,pyon pinn pib’p nab npiann hk D’pnm .4 

.3*8 mm 

.’b’bp iyp»2 pyp nny tom ,mm ’ 3 D by Dnrann n’iyonn .omn nu o’pmn .5 

bto ynt<n mi ba om’nnb pm ,bbn .y*mn mil ton pyim mm bp D’iyoan mpa 
birnp ’bin ,21 iyoo mnn yimb in n»*mb qn>mb tri’i ,ir na’tm .D’jyon bp »aioi’N mpo 
,ynN = pin) .npnnn tnpD i ’ 1 ? 10 niysnai ntrmn bN <pj mim .mypni pnn bp orp 

^" bntti pit>b om np-iNnn ntt (nmt< 





nnonoi bn\yn 


pbip pin -1 paa 


]i*np pin 14 

nanpnn mnia ri« a^ftina d»pi 3 p imn> (Charles Coulomb) pbip ba«ip yma 1784 rmpa 

.DPiyp D^mipi d’dp pip pa n»»nam 



pbip pin npnab nup naayn :9 av« 


:«an )ai«a Daub aipaN pbip bip vapnn n« 
aip» tm»a « 2 rø 3 pip »naipj pnan by an« »naipj ]yun b»yanip »bnipnn nian ■ 

.Dnp»a pnann yianb *p£>n t?n»a nsqji ,Dpyiann nbaanb 
aiaa D»b»yanip mab nmaa ,D»iyiann pip pi aannip pvoan ipn *piNb byia nr nia ■ 

.nr by nr na»m ya«n 

:Dpyon pip pa nian ban n« na«nnip n«iupna n«r naub pip 


.D’aipni in>t> »nipi ,D>nai in»u »nip Dpyun -DPyonn in»o »ab Nisnb )n»j nian pva n« 

[C] bip manna opyunn nn q 2 -i qi 
[m] manva DPyunn pa pmnn n« tnun - r 

SI manvn nunpa laayip ’b«oaapi« yiap «m - k 

m paj nnpa nr aay .pna lm rmp»a pnannipa , 1 C bip Dpyun pip pa byiaip man 

.am«a 


n« «uan «mi , k = 9 10 


9 N ■ m 2 5 


.■røm onsi!r>p ,n»3\y ,13 »n orn^n onnrøn itu, kg, s, A : o’D>rø n rrørøb 5 
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nvuiiai bawn 


•pbip pin -1 pia 


nnypn »jrø dk :K»n it royp niyrrøn .ri»y»nanaiDn inp»y tin o>»pn ,*bnwin man 
Kin dt p>on by bya»i2> bipiyn man ,»i2>»biy tyoo by f 2 -1 Fi D»»bni2)n ninia D»b»yao 

.F 2 -i F! niman bi!) nrøpnn Diaon 
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Jivuaaoi 7o\an 


ptnp pin 




:2 n^xn 


ma pab Pmann man pa omn nu a\an .nrn nr r pnma D’Nsna nmuna >a\a 
.tvaionan pa nanan nav nmaan ma\a \a’ana) .nmonan ’aia pa bviaia rrraan 

.(n»’m ma sin ’bmann man nr mpna iVni 
. :p*ma 

qi = q 2 = 1.6-10' 19 C puna ba prøn 
mi = m 2 = 1.67-10' 27 kg piana !?a man 
:DPi\anon pa nmaan ma na F G -ai ,’bmann man n« F E -a paw 


fylg 2 

V ' 2 

Gm x m } 


( fr V 




\ 


Mi 


9 • 10 9 7V»f 2 /C 2 ) (l.6 10~ 19 c) 

6.67 10 11 Nm 2 /kg 2 ) ( 1 . 67 .10‘ 27 kg) 1 


opnapn ’anv tin a’sa 
,2 


= 1.24 10 


36 


rima Dna ,mn in )m> nana ina twyr maiaa mrvp w Pmann ma 1 ? nnam omj’f 

.D’mar dvn nral 


mman qpnaaaa Dwnen ’aa!? nab np»m» nipon 1 ? •pbva pman avamma ina rya 
>a ,*ttv ormanan dn pnnn 1 ? na pm n ivn mraan ma jmaiunan na D’nn oPmann 
.yim mma ny tvm’pia nnan 1 ? l'vam n^N Dpnpna .van nanna 'ana ma \avn p niab 

.prnn mynan man mn pynan dn nanan man 
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jivomoi bovn 


yibip pin -1 pi£3 


:3n?xrr 

D’opioQ ,q = + 2nC o>m o”jmpj oovoo nvniN 
.a = lm vnnn vbs *piN .vinn bvy mipnpn 
.oovonnn inN bn bv bvmw bipwn >bnvynn mnn dn n\yn 



11 TPN 

: 'inno 

.'limn nnw fN ,nnt>nn innvn mw nin bvm tvun bn bv ,nnon’o ’pinon 
•tvin« bn bv bvmvy ninn iivn jin .oovonnn mN bv bvmw ninn dn n\yni 
: on pbvn >)0>n npnpnvy tvonn bv o^bviaw nininn 



ninin 3 tpbvm tvon bn bv :ii n’N 


= . ja. *£ > ■*’»*'ic'jb.ivcy =36 . 1D -, N 

a « (lm) 2 






jivvmm ^Q\yn 


■pinp pin -1 pi 
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jirvjxo' V*>vn 


]i*np pin -1 pnj> 


mm nm bu by p>onn mnu »nn 
.•pbip’o nuon ?iNinnn *pbnnn 

D’nrn omnun >røD unN ,nnN nnpnu .2 
oom ,q p>onu nb’nm pyo n’n 

.-2q p>onu 

nnNb niuu bu by p>onn nny n»n> nn 
?maim nn m mi onmuno 
.■pbip’o nuon 

:<pa nryo bo T^nn nNn .3 
.nvo’ nryou .n 
.■ pbnnn nN ona .nNnonu .1 

■i 

bo yuonn yvub o’ DmnopbN nnu .1 
?3.2 pC n’n’ oyono nu nu 5 

nmi 3.0pC lyonu pyo nunn mnu .2 
pnunu pyo ,pONnn mnub nnr ,00 
•p nnNi ,nru nr o’ym onnun -2pC 
.onmu onnan 
? "pbnnn mm nnu bu bo oyon nn 

q = 5pC D’iio m’nrip] ooyon 00 .3 
.nrn nr 10' 10 m pnnnu o’Nitna 
.onmu ’bnonn mun nN uon .n 
pnnnn on nr rnu bo nny n’n’ nn .u 
n ?D’oo ’o bn’ ooyonn pu 

?noibo 

ooyon 00 pu n”nnn nn dn uon .4 
,+5nC Nin nnN bu bnoo o”nripi 
.nrn nr 0.1 m pnnnu o’Nsmn 

tyon by nn b’yan q = 5pC p>on .5 
:on q x bo nny dn N*n . q x 
bo nu’on nn vby b’yon q pnunn .n 
ooyonn pu pnnnn noNU ,0.1N 

.40cm 


mVvui - 71*717? pm 

% 

tpVvui ]nji$*7 jirrun 

nnm nbNon mm nu oion ■ 
.nnnu 

.mnn mopn oionou nryn ■ 
pnna nb’nn nma niNiionu ■ 
, 0 ’naon usn .mmiNu-nonnNa 
bo naonn -pyn nN <pou mom 

.pnnan 

n’ynn numuu onaon umu ■ 
:nmnb .ni’pn 
245000 = 2.45-10‘ 5 
...nn’n’ monb nuon bu... ■ 
,nnaon nNsm nbupnno nnNb ■ 
by bupnn buon nu on pnu 

.nynn 

qoiau n’bib’n nuion umu ■ 
.naonn pnnab 

jni*7KV 

:nbN ommu nryn mbNon nnnnb 



nunn nnu 00 n’nbn bo mionb .1 
q p>onu pyo nnN mnu .Dbmu D’no 
00 nN unpn n’nbnn .’bNnoo nnNm 
nnNi ,nru nr D’ym ono ny omnun 
,nn’m nnan Nin *p 
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]i*np pin-i pi 



nna ba biy iDyoo no n 
ion ba by D’byiaiy mman nN uuirø .a 

.D’Dyoono 

byiaiy bipiyn ’boiynn man nu nsq .j 
. on’sn miPNia asiniy man by 

*mN pona b’ao 10 ’on didn .10 
blP DIDNn bllO ’Ob .inN piUpbNI 
ano biyoa yi piopbNn ,ima 
r 0 = 0.5-10' 10 m pnioa ponan 
.’boumn man nyaiyna ,aimpa 
pa byiaiy ’boiynn man bm dn a\yn .n 
. piopbNb ponan 
.piopbNn b\y immno dn aiyn .a 
ponan pa pnion nvnb *p 2 hq .j 
1% pi mm nr niaiy na piopbNb 
tin Noa ?'n <pyoa naunniy mann 
. r 0 mysoNa nNSinn 

dhooip Doop onna my .11 
mipDO D”ibn Jmi = m 2 = 5mg 
pbm »oin mysoNa ,mpna nannyo 
mrm D’oinn noo .lm DaiiNiy 
.Dnnan non 1 ? oma ,nmrnb 
•qi = q 2 = q ina ba biy oyoo 
,Dnnan pa mboiyn m>mo nNsma 
.□non 2° biy rimr onsv D’oinn 



inN by D’byiaiy mma onym *piy .n 

.Dnnan pan 

.nbN mman inN ba b’yao »n p»s .a 


biy n»m nia vby b’yao q p>oon .a 
ooyoan pa pmnn nyNa, 0.8N 

.20cm 

iiyooiy iy poi ’bioo riann ina .6 

. q = -3nC Nin 

jota mab iddid omiopbN nna .n 

?impo 

Dnna oiy pa n«mn ma dn aiyn .a 
lem pmna D’Nsony ,nbNa Dmyo 

.nrn nr 

by x = 0 Dipoa nsod qj = 5nC poo .7 
q 2 = lOnC poon biy loipo . x ms 
man dn aiyn . x = +8cm Nin 
Doyoo >iw (pvai biu) ’boiynn 
Dnpna q 3 poo by D’bpao nbN 

.-D’Nan 

•x = 4cm impoi, q 3 = +2nC .N 
•x = 4cm impoi, q 3 = -2nC .a 
. x = - 4cm impoi, q 3 = -2nC .D 
.(4cm, 3cm) iDipm , q 3 = +2nC .1 

'3 a*yi trWin 

. S. ; . 

n’iyNia mio 5pC uyomy myr qn .8 t 
poo mio (0, 0.5m) Dipoa .o>ms 
. 2pC laiyiy qoiD 

bpiyo mnya -HpC poo mm p>n .n 
?D” boiynn mman biy 
biy bpiyo mnya -lpC poo mm. p>n .a. 

?D”boiynn mman 

omyo D»nr nano nna myibiy .9 
1 q 2 = 12nC ,qi = 8nC Doyooa 
myibiy dn D’N’ao .q 3 = 4nC 
ia ,nra nr dpjid Dniy asob Dnnan 
D’a’so nny .nnma onnaoi .nonr 
, (0,0) :mmpoa xy iny»oa ,dhin 
. (5mm, 0) - i (0, 5mm) 


lmg = 10 _6 kg 1 
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jwyjx^>i *p>vn 


p*np pin -1 jn$ 


ft 

.hid ba bo mon pn aon .n 
’ avnn man nyim po mn nn .a 
mio) jnbion pn anyo ynnn 
nyim in ,mnNP mio .mmnn 
.inaiop pm ?(nmon n^iNna 


5xlO' 10 m pmna <ibin piopbN .15 
bo py!) nid a p’pbn .a p’pbnn 
>312)1 0010113 OOD 33110 Nim ,Dl’bn 
H’ by iab:i piopbNn . 2 D’3iiom 
nyima mao ya Nim ,a*n p’pbn 
.’bnonn man pyaona p’bayn 
.piopbNn bo immnn pn aon .n 
vn a p’pbm piopbN ,inN mpna .a 
ae/a a nisiNnn on’ pn aon .nnuna 
apy ,nrb nr D’aipnn Dn lONa 
.Dno’ao n’bnonn na’onn 


1 ,ooopi D’nr nann nna oo .16 
onnan .o’nr oopap oob omop 
iom ’paiN man inbio by omain 
pmnn ,o”bioo onnanoa /pa’n 
onnan dn .10cm Nin onoain pa 
qi = - 0.2pC ooyona Doyoa 
onoain pa pmnn n’n>, q 2 = O.lpC 

.iaba 4cm 

\—Wrm +W —l 

in nno m»na oor’apn innm dnh .n 
nmiann nNinna mio ni’na 
! pna ? onnan pao o”bnonn 

.Dorapn yiap nN aon .a 


ou> nyi .oorøna w nons inoao mn 2 
.pp'n rrøin ir nmn\y mbn Toom .nonoo 


.nna ba byo q pmnn dn aon .) 
niab ’bnonn nian pa onm nN aon .i 
mN ba by b’yan yiNn mao man 

.onnann 

oma o”ibn nn’yr onna oo* .12 
.0.8m Dno mN ba *piNO pi mao 
n’oinm ,m = lg pi onnan mon 
nr 8cm pmna ’paiN omb D’nop 
,q nnr iyona ooyoi onnanoa .nrn 
,*pNn oy a =0.5° miir onsi’ D’oinn 

R 

.q pn aon .n 
ma ban lyiaa ,-pya »DonopbN nna .a 

?m’yon nya 

,bnan ooy nu 5 bo yaono nmna* .13 
neon bo bum no nN pyn 
neon bo bion no pni ,0’moNn 
Doima iryn .yaona oonopbNn 
."bin" Nip3 6.02-10 23 naonn :nbN 
,26 Nin bnan bo ’moNn naonn 
ooimn . 56 Nin ibo nonn iooni 
bna ’moN bin nono nyib pio nbN 
doioiio 26 bna oion baai ,56g N’n 
.DOllDpbN 26 -1 

ipbp nna 00 a 000 ysan i’nbn .14 
,qi = 5|iC iyona ooiyo D’nr D’i’yr 
’b’bo oyono man .q 2 = -5pC -1 
pn nuob iodno taiNa om by ’ibn 
by imnn min oom ,man nao 
mn .ii’Na iNinna ,man pibio 
onnan pa D”bnon mnia pno 
Dnnan pn aipn i’nbnnoa qnbiob 
’avnn man ,nrn nr 30cm pmnb 
.’ibnn mab mim pnbionn pno 
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'vym 


)iVip pin 


.pmn3 niVm mon q*u rm vxrw .3 
?nt nnnn nwn >s»d nn* .j 

.q 2 hk nmmmi ,qi m D>»3p» 
r - 3 mbns q 2 rmKn te nnny *m .t 

aq 2 (r) qun nx u\n\>> .n 
pQ3i ,q 2 te iiisiNn nx D>Vn3 nxn .1 
.itd x>n nsixnn ynn 
q 2 ivunn nrrnn te rmny .t 
33t?m ,nr q-n ddto . r pmn3 ni^nD 

.111*112 HK 


1 VUD 3 n’ivoi nnvTDn ,wn 3203 .a 
nn3 te te uyun -py rm .qi = -q 2 
1>3 2cm pmrte D’3npnn an dk 

?annDia 

. »irrøpbn p>^»J3 iTymb ©»* .17 
1 qi D’3i>un3 D’liyu D’lOp D’QIJ 
ten .ntn nr r pmo3 D’X2m q 2 
,q 2 = IC , qi = 3nC rD’iytmn 
.lmg x’n q 2 tvr»n3 pyun <yun ntm 
rron dk D3 3\ym qvb’n nb3\? qny .x 
r pman høxd q 2 te ^yiDW ’Voiynn 
ny lcm-n nmiyo D’aypnn p3 
.0.5cm te D’Diy 3røn^ w .20cm 

JIOWJ 1 


2 - 10 13 .1 
0.5|aC .2 

2.25- 10 19 N.x .3 
2.5-10 18 N , 5.625-10 18 N .3 

2.25-10‘ 5 N .4 
-35.55qC .x .5 
1.875* 10 10 .X .6 
8.1-10 _4 N .3 
f - 0.30m .x .8 

0.30m .3 
8nC .X .9 

(-x) T2 1 ? nnn» 45° -3 3.2-10' 2 N .3 

9.22-10' 8 N .X .10 

2.25- 10 6 m/s .3 

10 ro .} 

3.43-10' ,0 C .3 .11 
0.255kg .X .14 
10 6 m/s .X .15 
7.33-10 3 .3 
3.75N/m .3 .16 
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,nrvjv>i 'vyvn mt - j 


'V^>vnn mm -1 jn$ 

mnn nn*s *tm ,n*tvpmo s*n *toumn trun tur monon nynnn...” 
jnnnn *nni,inw urmnt tin* nnsur ,n*ummin*n*as nn s*n tnspnvnt 
".nn mut tin* uron nns - svnnnt 

1800 nitya A. Volta nroa T>nn 



z'u tnt : i rmnn 


p>nnn n^ibtin nu nvib ni>>p *|N ,nonrn pim nontn mnn mmnn nm ba 
nnn nnynn ,*pbm pra nnn mm m^møn miyun *n>>N2 .nrm non: *?\>) 
rmnn *b>b> dk ynnb mrnmn mnn biy □nbiDn \yn>> »od .mnn dit nynnb 
mn tik nnn 1 ? w »Vnum yun 22it>b ’bniynn mm txvc >n ,bron tvik^ nnpn 
.2 plan p*n il >TD2Qn mynn Hin ’bniynn mm .n« t»on in ,mm nnbn 
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^vnim-a pn$ 


K13^> 2.1 

ay ,n’^n nnin nyam Vnd l>wnl) onman nnman njnna n^nsnn vm© anN ^a 
tin n’p’oan D’innn .D’pnniyn imm nnniban ,'^au" aiannn - ^niyn nppan mmnnniy 
xbb ii«n nN aNn 1 ? D’bJion U3’N\y oyna .T^nn aanm .D’pbia dj’n Dnnna .Dnbiya 
n> 'iv o^yainn nnnoan nniyy aiyi no’aa njian n^ .^rip’n in aapn ,n’bn\yn nniNn 
in bmn pa'aunn !?nn .nmainn naiiypnn 2 b dj dd baiyna maiiypn niyain .‘jnian 

.aiyi D’aiynn nanapn .nnni^ui lm nn*©i nbai paN^an 
W , WbWn , 'H^N , n'riN Dinab nb’aiyn mrøUNn© naaiya anyp Daiana anain ©nanyn 
D’Dina it nmiN Vamb aiyamy naaiyai ,D”n”\yyni D’nra D’anyaa biy biaa pija Vyan^ 

.nannn dn nnma nj’Niy piNai n’DTV moiyaa ,D’baaai 

0”j nwn irxvi>> 

:ni31N 30l7J dt paaa 
Dam nasnyi ’bniynn mm ■ 
’^niyn nna in D’^NrajDia man ■ 
DniN pin - n’Vniyn nvninn ■ 
D’pan nnm nna aipn ^iy a"Na ■ 
n^niyn nm3N ■ 
’^aiyn paan ■ 
mV’23 ■ 

’^VTin dtiV /m*7j jny$in 2.2 

paa iiynna majiy ’aa .>bmn Data Dnnap n’baiyn nmjNa Dnryj un Dna D’nimm an 
nmiNinn in ,py!> n’Na3 nj’Niy ,D”^niyn D’jyan biy ninan nynn mn ’bniynn mm ,nr 

:mnp»y myam im^iya nma H’b niNa 
in ’bniyn anna nyama iPianyn dn pPb nnnaa .mn Nin oaaaiy D’a’binn maannn .n 

.unb mm 

nr pap’y ^?y ,-pyana nNany >aa .’bniyn mr naapa mpnn i3inan hdid psn bv mmo .a 

.mm an bm ^niann yuan ^iy n^iyan nDDian 
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’*7^vn mi - i in$ 


psnn mnsub mis ’bnipn mr :2 n’N 



mm ipy nuiu psfnn pas nmo p^nn 


.D”n’l D”1S’1P .S 

rs -pi mim ’bnipn dit .in’ni pnn n’i’imb D’nn pyvab nmis o’m mr mayn ,bipnb 
•juni nnsssrmiNiban misn nbiya nuuiin ir nyom by .isnn hn no’bab b’iinb bia’ 

.nnrban 


usn tik t”ss ,’bnipn mr n» by nmssip D’i’bin bip Dninnnnnb ntisra 
bip mimonub nnnnn unbn oin .mma mis bip in ,D’i usa mis bip unbn ^ 

.mm tin y’on Nin pn nNsnnai ,mbyn niNn 


) niNn 


uo usa :3 H’N 


.uson nbbiua Dnpmnnip D”n’i n’i’bnm Nin ’bnipnn bsyni nmsNn npn ,o’in usaa 


.pa iiiyn Pdwji mm n» by mssn Dninmn nNsnna nn’Nn unb mus ,mn’i miNni 
p .D”nann D’bai niysrnNi man bN bnipnn min bip nnn nisnnn naym ’bnipnn mm 
mbmpnn nmsNn nN riymp .pirinn ,piun Nin ’bnipnn mmip p’unb ims ,m ny nmm 
-iipni ,nnrr piNi .mN ’bnipn vipanb in misb nian nsnnaip numssnn in nbbiunn 
nmsNn .nmsNn miyb piun on D’nn ,D’bnsn piNbip nnpn msnu nysnb D’ni Dnrys 
yisnb hi ,<iiuibi .jinsb nus rnpnn imr in ,bani ibos Dn iipni msns D’nn bip n’us’pn 
DH’nn NbN ,nmsN Dnsmn ’bnipn mini numssn Nbi nbbiun Nb rip’sis nnin myu 
’N - mipsip bns N’n nmsN ,nnsu nmym ,yn’i .mbmpn nmsNb mnN in n’n’i nmsN 

.nmsN mbib in -ismb hpsn 


.nHorøn n’suN^ wu in oo ppa miSN n’JUN on’nn bnunn mani 1 
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jiwjrøi V>vn ''vy<m om - 


jitoui - wrria^i D , D ,l no »•? 

,’bioo Km on <ih ,<pj bary i’dt:i .oodidno omnn onmnn bary oiarn ortpn piaa 
hd ,p by ,iorn baa d’N 203 D”borynn ooyonn .D”boryn Doyon bry Disy iddo bon 
yonb hd h’jun Dnb paob *pis w in ,0’D’binb ooyun <poinb -pi* P# ,dit om ms’b 
:’3b boryn oir -pbrnb Dnbra’ ’a by onmnn dn mob jno .-pbroa D’n”pn ooyonn m 

. ______ 

.ni’ryama doo om o”bmyn ooyon Dna onmn on :D’D’bm 

.ni’ryama ynb o’bnon D’oyn D”bnryn ooyon Dm onmn Dn :OH*mn 

v-----1 -- ..» —,,-_ ■ ■ ; • _ J 

.DHTiin on ("p’^oba") P.V.C ,yy .o’didt ina Dnmn 
.’bnryn oir ao’n D’D’brnn Dnmnb nrD”ry niDnnn 
,0’bns o’pmn oa by ,nvns’nn vnrNa by in p’brnn amn bDD iyo’ *pbrna oornopbNn 
Dn Dn’bN D’muNno ipmn’ Nb om ,imn nbann oonopbNn nynn miDarø nyn 

.D’D”ry 

'*7y<m tm i.m 

.pyrry pN pb’n *pnn -'a ,nD m’yry’ "onm o’o ditd" ;"mmpnn ,nnnr /iory - oir" 
.D’bmn b\y nnyona poryn Drnnn D’nrpb nonr/oir Doryrnn 
.od’no ion bDb ao’n morn nyarnnr ,nrna nan D’Nsi’ry d>o bry om pnanb nryp Nb 
nbm o’on dit nmny na nr’Na mbpa pnanb bDO ,o’n d’otit onnry onm orya om on 

?Dman orya D’nnrn on’ mn m’nina nbNry Dy mnnj nny .mv 
.dooo pr pia pma ,dhi 33 D’bDa ,na bDn o’on nN <poNb ry’ ,it nbN\y by noyb hd 
. na baa nonrn nrmny pa omn Nin ,nraoN3ry o’on nrona pa on’n 



Doia oryn ios iu>m raoNjry D’nn :4 ii’N 
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*iy<m on - i jn? 


150cm 3 -i 50cm 3 bip nmna ninip 10 iipna ,D»3iu> D*m >npn iodkj ,4 nmaiy nmna 
dodkup D’nn mna nK aipnb nu . 3:1 nm nmaa nmnm nmaiv urn ,dt mpna . 2 Dm 

.tntn nnaiva tint munbi omann *mK ban nnK nmip iipna 
nn»m nman -rnKa mm nnaiv ,mnv) 10 nm mno n pr iipnui pva /lKinnn mpna 

.15 cm 3 /s nn>m n\pn naa mrn nnaivi (nmipa p"nu 5 ) 5 cm 3 /s 


in mr nnaiv "li 


mra bw nnvin inn noip *p*T nnaivn n»nn mna Km 3 nmn 

.nnK mnip Km mamip mm mm» ,anb .mt mm>a (bnin ik) | 


nmn >a ,nan bK nmn nK bmnip ni’an jiiKb Dipn baa mm dj Kin nann vpiaip mm 
,mvnn na *pn DbvJ iimi nan urn .»bnipnn ivunn dj) .nuaa nnan Kbi ombvJ Kb 

.(ivunn nnnp pinb DKiina 
:Kan miKa ’bnipnn mm nnaiv nK nnu nuibKJKa 


aninn *jrin nuip jrr nnaivn ntrønn ivunn mna Km »bnipnn mm nnaiv 
.ivunn nnnr aap int ,nrmK D’bma .mi nnm»a rbin Ps> 



nuip in mirip ivunn npibn n> bv nrøv” ’bnipnn mm nnaiv anymip van mnKn m 

.imn imn P * 123 ,tmo» inr iipna , 1 ’Pto amnn inn 

ur : 

: moj 

Aq - a i’bmn inna mavip ivunn mna ■ 


At - a n-p-rnn jm Pia ■ 
/-a mm nnaiv ■ 
:Kan piKa mm nnaiv nvnn nK Diipnn 



.nviap mr nnaiv ik nvainnn mm nnaiv nK man nr nwpip i”ai 

:nnmm 

[ 9 ] = C - inui .liPip : ivunn mm> ■ 


,p"no 1 in apiyn nunnMo 1 ,na: mm* - lem 3 2 
.viap tntb ut>n”nn nbn nrrnna 3 
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jwvn/p 'lyvrx 


’+iyun mi - > jnj> 


[t]-s -poi ,n”au> :]mn m»n> 
[l]=A * ini>3 /isn# : tanrn nnsiy n*pn> 


nanxn - K>h ontn fittjhv *ro nrtvn 
pron aaiy 'iw annn *|nna d« ,ianH i K’n * 1^102 tnrn nnsp> 

IC 

. 1A = — loiba ,nnN n”iv irøaa pbip i bv 
ls 

:nwan mm rmnva dj iøan\>)nt> baipn 

mA = 10' 3 A 
(j.A = 10‘ 6 A 
kA= 10 3 A 

.■romann mpi tnt mni» vrøann 



**r f %S •- 


pavmna mm nomy :5 tpn 
o.i 3 mA H»n o»a 



)UVTV>3 jyv^i mi :i n^xn 

.0.13mA Min o»a paiynna mm 

l^na parønnn ^jyna aaiviy ivonn dn aum 
pnaa np’T’fla nman roma ^ >aro nyiy 
•intn ^a p^r paiønnmø nmna ,boi»nn 

q = IAt = (o. 13- 1(T 3 ^)(l.5-3600s)=0.702 C 
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jirvjxo* 'vyvn 


+ i > yn \ dtt-j 


*?xyyi J.5 

mut) nnyn i”ma mnn mr bia b*nnb ana naaa ,’bmann bayna lamnnn nu panb na 
.(I)'ito D’y’ani .n^Nian nbiyan nuanna ,n’nnr n»nn nna nrnrs bia 



•npan nna" n’wn :6 ivn 


bayna nanaia ’bniann mm nyaiana vanb nmay mbnian mia ,n>nn baynb nnna 
nx vaym bayna yaia nn m bia mr n»p nnpnn >aiaa .nbbmn bia nnbiyan nnanna 
.nniiu^ namannn nmaan ’maia nn n»nn man mpna .nipnb nipnn bayna nmaan 
,’bmann mrn nx nnann /pbina n>ya n”iaain nnnopb« ,’bmann baynn bia mpna 
bia ,nnnr ih .naiian nyian H»n manna >bnian mr .miA nbbinnn nma« vaynn 
-ia?ia mm mpn baa Nb vnupban bia layoma -i»ara .]yonn ’Niaia nma nunopb« 
nx mmn ,’avn naynnia ,n’amna nmbN D’nyb n’p’P^i nrana ;D>anopbN nyian n» by 
D’aivaa n”b’biai D”ann nnv bia nnnt naia> nmbn mmnna /imaai .’bniann mm 

.nnaian 

. \ 

tirab nana in ,’avnn jynnn nyian »ab yapa ’bniann mm pva ,nioom Dann >a by 

.’b’bian ]ynnn nyian 

V___ 


33 




JYTVJ^l 'vy<m 


on - 


marina P’«r »Dmrmon mmn pvaa nid mm pva »mmanan bv mpna ,p’^ 

.D’mopbHn nynn pva 1 ? rmn mm pva ,D»nann 
.D”bP\>n tv’avn p>un ’wi] tmin nnv«a 
.nvn> «m mm pva ,D’«an onv«nn an« Pa 


/ 




tVWUn OIT :3-7 IV« 

manna tvPPra 


d nyran nynn n> by main mr 
.y’«na nniona mr bvnb ,D”avn 


»manna .D>PPry Dnyun n» by mam mr 
.nnrmpbNn nynn ^ n«nn «rn mm 


/ 



tvnvn tvjyun mr :a-7 av« 
mtvnna 


nnv sbmn mr w pa nbn mtvnna 
.DHjnn nnivaa npn d’PPw n«avn 
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jirvjy>i 


•hyorx tm - i pi* 


*n$ni .yto.ji+ryim stvun 2.* 

-tairn nmvpnb mirø n»nJNn pat> nid ’Vnrøn bwn *733 o”mann D’a’amn ariN 

.jvbmann rvroNn pot? wn n’Pitan t>’an D 3 aa 
:’bn\yn pjyn ’nnznna o’natrm D’an’ta 



:D’n mm mn vpana .jnnn vnpan .Panrønn bavna tant ]’N ,mna uaan jnn tons 
D> nn nnnr nu pai .irmirs pi Tii’nb in m") mm pro 1 ? urot? *?\y ni 

:n’3i\>P rP\yin nn”p ir nNiiwni .("mna na") 
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jirvjvai 'vy<m 


*vyv n tm - i 


032H brøni tjon PJD :8 H’N 

: .o ^ 

aaaiy ’oa .bayaa D’mopbNn tin p’y’:ini>> n”a’a D’D’bnn D»u>mnn .n’bnwnn nbbipa 
n’niNn -iipn"a nbbip nuab yinny <in .n’baiyn n’niNb n’n’D n’niN nvan nbbipn ,pnr 
-iiødn .n’niN vana NbN "nauN p*’a" ind nann Nb .ir niNoanna mr’nb \y’ ,"b:iyna 
DDNiynn :P’an biyaa n’riJNn ’bubib pian b\y ’baiynn bayaa n’niNn nnan tin mnynb 
naNiynniy n’mNn .P’an dit pvaa nai:n nyuna p’Nsany p’an bah n’mN "npapa" 
.p’an biy n’niNn by y’Diynb naNiyan biy nnbia’b rrn N’n D’an biy du bab mpa 



npaya nbbipniy n’niNn ’D by n-nai nbbipn biy nnbiD’ ,’baiynn biyaa ,narr piNa 
,(electro-motive force :n»biiNa) ,"y’ 3 nnopbN niD" nyian .nan nayiaiy ]yon m’n’b 

:Nan taiNa rnia ,"a"ND" ma’n ’iyNia 

Jf"" nyn nayiniø pron bp nnN pbipb r 

."lypft m»n>b n’mN ninD" bND "a"ND" nia»nn nymb pn”m ib’Ni indo 



.Volt N’n n"NDn irm* 

IC uy»m proa Imn’ bab nmuN i Joule np’jya nbbipn dn IV Nin nbbip bp n"Nan 

.nam nayinp 


1 Volt = 


1 Joule 
1 Coulomb 


:D’iwd bp nup nnnb nrub biby Ninp pa’pa pap "yaanopbN ma" ’iran bp unpn 
pmpn ’ip’an p »o by <in .p>oa m’n’b mDl Kbl jypa m’n’b rpriiNl ind nana 
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jirvj^i 'vym 


dtt - 3 


"y’annnpbK nm" ’iann bip iamv .pannn in pnynai uiik ynna ia« nai .maibiannni yinn 
.baynn mm marin ,D’aynnn nK ynnn miD nbbion bip nnpan nn man Kimp pn 
.D’aynn n’pan na’K nbbion Da ,baynb D’nn hk npann na’Kip D’nn nnKipnb nnnn 

.n’bmpn maiaab n*on maiaK mnm an baynn amn Km nbbinn 
mian D’nn Daan .’bnipnn baynn ’n’mnn inK bnn »yin joiKn D’Katna nnynnn ,nnp maia 
*amn nnn annn ,nbbinn Da p .nmpnb nniK lammip ’aab Da D’aynn nb’nn n’bmpnn 

.Daab in’ lamatip ’aab ny o’aiiDpbK ib’nn ’bnipnn baynn 
Din Din’nn nKDnnn ir maiaK .n’bnipn maiaK "nb onpin" mian pi D’yan D’aiiDpbKn 
maiaKnn pbn dhikd D’anDpbKn ,nr "pbnn nn 7in .Dim hk nD’bab mian im ,Dnbn 
man ,nmab 0.7J my’ipn maiaK idd p>Dn bip IC bn dk ,bipnb p .Dnbip mbnipnn 
J .0.7V Kin mian matp pn D’bK’amnan 

• .Volt - mim’ iniK D’bK’anDian manbi n"Knb 

: - ; s 

.Volt Dn vmi’n’i "nnn" ik ,"’bn\pn nnn" Kipa D’bK’anDian man 

.71 na bmanDiab mna bmanDian mit ’bnipnn mm 
___ J 

ik pina rnpnb mna Dipnn D’nnt D’n :D’nn dit bip maibaKnn nyma nannKn ny’npn 
b’mnip ma’it piKb nmpa mip pn D’irnbn man .pna ynbb mna ynbn mian nmynn 

.’bmpn baynn D’bK’anDian manb ’aibiK ,D’n 


yto jinip^> 

mmn ’iKbiD Knn .D”iKbiD D’Km .D’iiDKiaa ,mbbio Dn invn D’nnpnn n"Knn nampn 
bbnn niD”ipnn ni’bbnn maiaKn pan Kin ’iKbiDn Knn .n’bnipn maiaKb hk maiaK 

.D’aip pann 



manp mbbioi .p’iibn ’IKbiD Kn - n"Kn mmpn :9 m’K 
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jirwrø iyv n 




nVnvn rhxy$ jnpy 

ia»*Nm .»yin *pimb riin ,y ,h ?nn .bar nbNHN *i"l nam 
n»min maman nu mnnip pnn mm pbnipn bayn bi nym bip "n»b" pn mmnip .nbbinn 
mnani nm nm mnn o»oi .n»bn\pn nnmub mm\p> nnm D’b’yan onnini® 
.n\pb tm minn DnnnpbN bip nyn nnmn pi ("mrm-p:ann" nimnn) nvmnmpbN 
nip pi yani Dnimpbun nyn ymnn .nrnbn m»s» Nnanb ini ,ymi nvimnian mnana 
Dnmnn imam n>n ("»mmnpbNn Nnn") nbbinn pnpy .(mnip niTNa »nip i"n) nnmn 

.»bmpn bayn jn ynnn mpb m« minn DnnnpbNn nynip p 

:D”P’pi n’i’im nr Nnb 
DmmpbN mmnip mnnpbN . (minn i"li) nnimpb« mmiynn nnnnpbN »nip .1 
nipmnn nmmpbN bi mb .nnmn baynnn o»3impbN nbipnip mnnpbm nnmn baynb 

.n»n»i nnan 

mbimpban .mmnpbNn ny i»an n»mp Dmyn mp’pbn miynn -pbm - mbnnpbNn .2 

*(D’3i’ - Dmyn n»p»pbn D”nn 11 bni) nnmn i"n ni’n 
DmnnpbN nyn ipmm NbiP hi "unn »rnn" > 3 \p pi mi’upbn mnnip min - man .3 

.nuunn nmn pi mip» 

nbiai naaip nSfann) nnynn nman nmi ,n»bnnpbNb nmmpbN bi paip yann nnipni 
Dmnarnn D’aynnn ]n»n .(6 pmi .pinni mb’ip) bipb n»aibat<a ,CmN pnpm ny n»»aiyip 
ama nbnn mbanama ipnan pb hijii nimnpbNn pi .m»aiNi nbn nmnpbN bi by 
nr n"ro .nbbinn bip n"Nin Nim (nmnpbN bi mb nprnmip mnann) nnmnn innn 
.nbbinn »p-rn - mmupbNn mipb nrvip» nnn ro mim ’"y wnb jn»a 
baym DnnnpbN nyn bn» .mipbi nmy pi (nm-inpbNn) nbbinn »pin dn nna hpni 
mbnnpbNi ,nbbinn -pm .mmpb nmmpbN mmnip mriupbNnn pi»ia nnmn 

.mmi iNinni - nnv nyian nipnmn 
bip **np>yn namn n3m dnt ni-mnn .nn”aiN niminn ,(T33b mi) n’bnnpbN bib 
pi nn3n nnnn .nup n’bnnpbNn inn ’ab ]ib nyipiip nbbinn bip n»nnan nnainnn 
mrbi nb nn«aiNn niminnb nNnm mnip’ nnmn biynb mum nyi nbbinn »pin 

.niyip 

- nnnnan n’innpbN nyn ipmnni nnm nmyb mnnn nbbmmpi ,b’yb nNinip i^nn 
nnnnpbN bi by piann pvn my mm - m»yn bip lim . nbbinn npna b^ nn n»n 
nnipaN .Pnipnn Nim bip D’b’yan i»i»nn mnn Dmnsnip p nuann nnmn nipmnn 

.nbbinn bip Dmbiiin Dn»»aNnn nnmnn nna nnbn m»yn b^i ir 
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nrvj^i 


Pyem tna — 3 


.(ao^na) pain uPiaup^N uy> nitrit? mn”p ova * 



Pniønn Nnn :io ai’N 


o^K'^jvi^ vi^n jvn^i dit jvpny jrrr<> 2.7 

Vv /'aunuVn" Nap] nnnn an ."aunaanN" in dit an Nip] mm nnsiv hn mon anyan 

.nnanan o Pam nn*n* niy >a 

pip’va pnn nN vmn ,Pn«mn bwvb r\bn nnnøan bip oaiam taiNn panua nr abm 

.7 paab Dnbiva 

aain> Nin pb ,oam dn aianb tn”Jiyn n oipna baynn bN irnN aanb ipnp p nn nar m 
.brøon wm bD ttt nrn onrn noany »mon mnmn .baynn bN tipi 



’bnipnn bayna mr id bip nua aiam :ii ai’N 
.irmpan iniNb aanb ip> »nmpa »nip pi VbNnuuia \paan aianb rrpanip ,nnnn an nN 
.b’npon mbN anno Nim ,nnnm naun by nnnn dn aam nnnn an »ai’Ni 


nt ban ,D*it aayro .mr u> auro D’bN’moiD uaon i”*b nio it mnan ."nna ban" nt ban n’onn u’ 4 

.5 paaa nmiu od ."O’bNnmna uaon” mp” 
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jn'vjyyx 'vym 


tm-2 jn<> 



a,b nmpw pa nnn in biy b’apna nam :12 mm 
miy pa m»Na .'manDbna ipbnai ,n*ma Din Nin ipbna jbaann mm ,a - i b nvnpin pa 
tmainn nvnpi im« pa o’i>am ,mn in ,dit ’bi^Dn »up Dm”p pbniyn biynn nnip] 
.’bniynn biyna onm b\y ’b’apnm mim mama nanina pn 3 piaa >apna 

ir^ycm ditti Vn^ W xr'vjm j.e 

nbbioniy nnN mnm "pyi" piupbN Nan nbbionniy Diynn bapnnb bi^y ,nr ynnn 
Nan Nin ,dio i ?w mil iaiy piop^Nniy nn« ,niy nan .na ^b>r> pmapbNmy nya ia "maya" 
mn nnN mn nnap ’bniynn mm nnaiyiy pai m pN .»d’ni nmiN ion ,"«pp>" ninn 
nNt pna 1 ? und “?p .baynn »p^n bon innmyi rim mm simnnb >wi mnab hønd 
’ røa puibn 1 ? nnt mm .nnnN mr mi mim nab dit in ,nmi ,nbbio bbian ’bnum biyna 

.inNa iNinniy ’aa , I A i = I A 2 .tnmipann 

/ 



mim nnNi na 1 ? nmy mm :13 mm 


.mnn dit by ■moNn baa uyn y’arønb na ,iop ian oirnrø ia »m lunubrin nna 5 
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jivv.iv > 1 byvrx 


'by<m om- j ,n<> 


D>yiu o»an na ynn ,ntm\»n ntmun tint baa 
nnN in - mi3 nnN rntniy D’aiyim ,m puya 
?nnat> -røNn inv pp - mN pm to 



pyn brønn >p^n VD3 O’KSOi Dnnn Dnynnniy n>narø nt pnya D’yinn 

Nin ir naana -rnvnn .-mv in nina yiap rvnunp pa pnmniy nariN n’tuyn naai 
,nnnNn nnnpn tn ,t>røan apy ontP yt>N3 rmnpn mN dn mituonn trø pnna nanNiy 
yiab naam *?\»> ntnu .DNnt? oo”n ina by latin naaiy ntm du tirøann nat> D’N^nrø ntm 
,t>røan bo Hbb v a nrvnna yut> n’røy ir naan dn .mvno nniN rrørønp t>Dt?tø *p 
.n’nnnp ^a by v b < v a nivnnt? nDNnt> nvun nitvonn -piNti miøtn rnpna t>røan nnian 



mvnn nniNa Dnn nnnpn *73 ,it naana :14 *n’N 

tn Nt>t> rn nptni mim ptmum tnyn Dnnniya :nt tnin n-iati nanu nnvon maiy 
n\yim naina mainn 11 m>Na munio nui .’don ut> nNirø pr pnaa ninan bob in n>ni>>n 

.lm Nin miP nbtnonn D’uinn trø titnan -piN 01 ,nt>t>inn bu. 
tind mnnia piuptiNn nirnniy nN-n Dnnnpt>Nn trø nyonn nNirøna pirøa ,pnna 
t>N nbbionn iamt> nsv "pyn pnnpt>N" dn .0.01 mm/s trø tnu moa N»n nanyi .mop 
T3D DNa3 Nt> P’3t> iliprø 28 -3 trø ]DT ITU .10 5 S 3 NID lt> rølYTn pin “pn ,mi3D 
naiy iniay Nin møNa nnnt> nniN "noim" ptitnna inaiya muN "<piN" D’ion iinuptiNiu 

.nnv aanin nnniNn mayn piun pNnia .nam 
niNn nivnnt? nanp ,nnisy nrvnna nwmn »Dina nnaiy n’tiniyn nynaniy mann ,pNi 
tu" mysnNa nyaann n’tm^nn nnniNn nypn ,nNmn toa .3-10 8 m/s N’niy ,pna 
n-røt> nnna .DninnptiN nnnr t?u> nu\ya na tnina Ntn ,"Pn^n m\y" Ninv) "’D^annuptiN 
Duvun t>y ma t»yan ’tmiann n-røn ,nnrø mon »t>ya n»au t>y rna V’yan^i m’aan 
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’bycm im - a pp 


pab pnNn nmaa N’nw ,mrn niwann nrvnn l*a tmanb w /rønna mbm >aa ,n”bn\yn 

i .mop inv nam N’mv pnupbNn b\a mmnn nrvnn 



.. ' if n. ■ 

naia iv tp’nwn hk mNbnn Dovat? pvb»nu> onsyb mm .mvma 3’b33 nm panb na 
□3’ni mbiy D3’N .D’arnn do vat? bo nn>mn minn navn ,pma nu nnn hhn .10km 


...aaian mo dn i2’a...imy3fnNao 5km naoa pnn no’ yvmn yma o ,nmv 
nN D’b’nnn ,D’3vat?n ba .aaian mo ?nn nN aio D’b’yon ,D»mnn pona piann pipa 
i ....Dbmnvma...vnnnno h'pki annn byno nbN ■ ymn bN mo’Nn Dnnos 
nN bnn tvat? bD .bon in3af ina DVUp nn’nna ynNn pvab nan bo 1010 a ns??’ p’ao ba 
pnnnn nnva pnnnn p>aob nooonn naian mo "nrøinn" - jnnn nbyon dv 6 TQ mb’33 

.tvat? * 7 D bo mwnnb nNiiona niyoy pNb nbip nvrnna 
"’bnon mo" nnava DonopbNn ba nN nyon nbbion ,t? 3 on ?nn pbmon pmnNn Dbiya 
tind nwnnb nanp nrrnna D’a’bma ooonn ’bnonn mrøn vbnon bayn bo Tbin pma 
.ma’bina nonopbNn bo mo’Nn nnyun nan? nN .vnd un 1 ? d>v 3 noinupbNn in ,pna 

.Nan <pyoa i’ao 3 


Transport Equation jnajv>a oith 'nr '$ipw»fr>i nyvnn Vn^ 2.9 

omipp U3’N nm ,nannn annn baa ynb D”oam manna noriopbNnn pbn ,i3”*o ’oa 
aaninn pva DniN iNnb aan3 .nabm onopbN D’Nnp3 nbN oonopbN .nnun moNb 
.DOivan bab ,’NnpN piNa ,nmay nrrnna Doon D”03in ooinopbNn 
praa b”nn pn iyi3’ nabmn onopbN .nuo bavn ~ia?i3 nbbio bN nann b”n nnann dn 
. nannn bo D’3va np’vai ,Dnav pab D3»a i^?33n» nama in .dhin nabNn nbbiumy 
bw ibibun in ,na>nan nbbvanw pvaa "«inu«" DnnupbNn py n3mN pn nNama 

vunan ibibuni pnupbN ba /ann" mi3?a n’n’ ma pnupbN 


Nin .mnu'jin’on ?\»in .nnn nn’no N»n norøann na n»amn nn’nnn .*n«va "to" 6 

.nron’n mina in?n nann auin 





jiwjy>i 'vy<m 


on - i pT$ 



pbini manop^N iv onyian Wun :15 m’N 


.nanron mvnn nmpa *pbmn pwb tnpnn vnupb« m nyannnn nrvnnn 

.(drift velocity) 


1 ’^m 'tv iop yop inna p dip^ .namon nrvnn *?v matpnaa mm noany 'tv ’itf’a nnaa 
- 7 naa m’n’3 mn>>ain n’jnup'?« n ^>an Nim ,A Tbian iv annn pin nDU .L pina 

.m>N HNT 



v d namtm rnvnna yannna D’va mayunn n -pyinn ynp :16 h»n 

LA - T^inn yup naa 
iiLA = pVroa ompainn oqrrøptan 'lrøn 
e = l.6*10' 19 C ttv inop^N *?v iaynn ym 
q = nLAe ptnnn yopa noainn pwnn jiwd 
I = Aq/At mm nnany *?ip nmnnn 

•.T<V* 

I = nLAe/At N’n p^ina mtn nnany 
v<i = L/At namtjn nnmn taipna i>an ta« 

I = nev d A N»n t’piqi mtn nnany 


."noj m’n’3 D’jnup'wn mo’ax" mpa nr Pia 7 
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'vy<n\ 


*vy<m tm 


i 


i 

* 


f 




f 


f 



! 
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i 

i* 
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nr 
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*s 
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r 

i 
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Ohm pim jvhyfm jnrrxuin MO 

IN ,Dninm ønnp nban o>bTin niø - ø^nøhøis vnom »bnipn tint nnmy - DWinb mma 
nsd (G. S. Ohm) aniN øn*nn jymn 010:1 urn øm n» by Dnmn ømpp nn 

by lysiaiy ømønn .vnmp pa nnnn pab *pbma mm nnaiy pi 0100 wp 1826 nnya 

.nnnb nrmono mm nn^n y>v mpønb yøn mn ,n> 
:>ønnn niønai ,nniN pin mr .mm nnaiy nboanb nmø *pbm msp pa nnon nboan 

V oz I 

:øi\pib pin )tom ,R jnøb baipn mmonon mpn n« 
V - RI 

."nnønn" nmn R pb ,(yiap nnnn dn) ,ini> jøp mm py ,mv bni R biy iaiy\p baa 

.nøy Nin ønn ininn øøai pbmn bæ mnna nnbn miønnn 
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jirvjxo* b^vn 


''vy<m dtt — > pi<> 


. "Q"nsniN nnivn man - nsmnai ,Ohm nmps nnssnnn mnv 


:iQ nnssnn m»n» rmin 

/dyt iA brø mtb mis vnnap pa iV bip nnn dn iQ N>n 

"mtb birøan" - "’bnrønn mtb ynanrø" nn isi by rmn nnssnn srømn ,n>airøb naman 
.DD’bin ds’n Dn pb ,mrb nnssnn Dnb rø’rø panb jnn obnna ,nnu an »asb 
Ninrø pipn n’nna nrno bon miNab "2Q N»n *pbin bip innssnn" oarønn ,nNT nmyb 
mas on arø”nn nr ’røip ."dit nabinb nnssnn" brø m’DNi "mr nabin" bip m’DN b’an 
nbNa /tind D’aio D’D’bin rø’ .nnan> naian nvi nnssnnn innsannn srøia nN pas 
,ao»n nia’bin ]bia mannn .mna nana tsma’bmip nbNa røn ,nom Dnrb mtb DnrøaNnrø 
. 8 nannb nannn nsnp jnbrø nnssnnn nrn in ,nsiap innssnn miba 




\ 

jn^vn mu iv jirrxjjinn 3 iv*n :3 jvjmt 

.0.2A nan mm .220V nnnb mainn mis 
.nt bsyna mis bip nnnssnn nN arøn 

:]nna 

V 220V 

R = — = - -= lioon = l.UQ 

/ 0.2 A 

. 1 kQ = 1000Q nrøNa 

, y 

I = — :nm nniN pin brø mnN nama 
R 


•pyb lian onm ,vby nnnb *irø’ on’a Nana pna nsaa mrnrø mmb nrøaN it naman 

.yiap vnnsp pa nnnn dn .nnssnnn 





.m>nN ns’N irna’bin in .ma’bio rvonnn ba . ff _ J_ :ma’bian N’n rmssnnb jvaain nnan 8 

R 
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jipvdiøi byvn 


’* 7 ^>'cm ott- > jnp 


i ThVD*} „TUTTIT 


nm nnnn nu ,mtn tin iiypn dhin pin 

.niTonnni 

di ^rin ,!ni» ■p'nnn nnsp pi nnnn dn 
. rorron *b nnxmnn *|N ,iam d-itti nnsiy 
D’^nbn unan on yn> ni’sa D>nn dit 
. urnn Hb urim nman i« ,ni» 2 n nisp pa 


.ir nmipb mi”n\>>n mannn ."o”nniN d>d’Vio" D’Nnpi onw pin dn D»n”pniy o^in 
Nipi /(r)«inin .D’vsn n’iybn pi iiiyn ny’ ip Hin nnai ni^na mtn <pia ’nniN *pyina 

b*m .— - nnunnn bv ’aamn iiyn nn i 2 ”n ,<pun p’iyn yiany vv ."1’binn *?w p’aian" 
R 

.n’bnumn ma^inn tnps nr 

:»l>DOTii ^iynnn pbna onan^ inniø o’a»aa nwi^w *?id o’j»aiNn nnainn Nan n’Ni 

.»nniN *p^» ■ 

.mbyn nwnb nnonnn N»n nrma n^n nn^n mn nrrønn ;vnb mu ■ 
.D’nnDp^N o’bayoa anym yiai i»n mn ,mm ■ 



D’JITO D’l’Dl ^ P’OIN :17 H’N 

■v>inn xixai -p’yiyi *7V myy 3 jmxumn jvhji >.n 

nwV *pan t>n>ai ia*m^ *n&> nma nsdi ’nann *pVin bv inmanniy mann D’Jiiy D”iD’jn 
:D”pnn ,noNnni •pbinn inn nuiyi ,*piN dh A i L dn . 16 h»n di hto ,ib\y -jnnn 

_ L 


]DD 3 U) nnniana yiapa nrfa qjKifhfc biaai ,pnftrt> nnmanan nu *pan^ mn bv 

:’iu’in “npnn .p - a 
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im -1 


. "0"moiN nuivn nirrn - niionai ,Ohm nmpi nrrunnn m’n» 


nft nminn m»n» n-mn 

.ia*n i A bip o*nb tnu vnmp pi iV bip nnn uh i ft K»n pbm bip nrrunnn 



"onrb biipao" - "’boipnn Dirb ynanip" nn na*r by rom nmjnn aipinn ,nonpb nrnan 
.DO’bm dun nn pb ,mrb nnunn onb ipnp pinb ]no obnna .omian oab 
Ninip pron n>noa nmo bon mirrab "2ft noi -pbin bip inrrunn" oaipnn ,nw nmyb 
ipnai on a\P”nn nr npip ."onr nabmb nnunn" bip nvoNi "onr nabm" bip nvnN boo 
nbNa .tino ooio oo’bin ip’ .n»on’ nuan N>n nrrunnn :nnunnn mpio nN paj 
po’n nia’bin ibo manon .mna nana onia’bmip nbNa ipn ,ao>n onrb ontb doiponoip 
. 8 nannb nannn niiip pbip nrrunnn m»n *jn ,mop jnvrunn miba 


ji^vn mu *tv jinxjjinn jwrn :3 n^rr 

.0.2A nam mm .220V nnob maino mu 
.nr bayna mu bip nnnunn nN aipn 

:pma 

V 220F 


R = - = 


= 11000 = 1.1*0 


I 0.2 A 

.lkft =10000 niPNa 


/ = — :«»n oniN pin bip mnN nama irn 
R 


•pyb lian onoi ,rby nnob up’ ono nsoi pm nua mrnip mmb iipdn ir namao 

.yiap vniutp pa nnon dn .nnunnn 


.m’nN nr« ima*bin in .n-D’bm ironnn ba . a = _L :ma’bmn N>n nrninnb ri’aain rman 8 

R 
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jirvjx^i 'vyn\ 


'’iytm Dm - i 


\ rhxryy „rmviT 



nm nnnn n« ,mm nN -nøpn Dm** pin 

.nmannm 
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innamn ,nnnnn *p!nnn m d^in ,nyinp mnamn ,nyinp i’bin miDiannn ny ^ 
.miDianon 'rv nntpnan nnwi^ nmannn nniDianD iv 6 nnn rnnnn ,nmnnn .n^ra 
’n by inrn R t miDianDn b\» mspnan nmannn ,0°C -3 nmannn nu innn R 0 dn pb 

:>lD’m 

R r = Rq (l + ocT ) 

Dipn bi» my .1 l 0 C in vnmnn .nmannn b\» miDianDn Dipn nu pntn a mno 
nmnb Dnn Dnn\ynb mtyaNn Dmbinn b\y it namn .nnnnb nnnnn naity miDianon 
miuianuiy nmini Dinm »am nu’n mb nto ombin bit> nmannn nin» .miDiano 
onvna inmannn ’myniyn piNn nbm tnmann mi .Dinbat nibyn hind Dnbiy minyn 
.2.10 <i’vdi nnnn mian p>am n« nnDnb D”iiyy ro iiNnniy onmn ".nnp 

'*7^>xmn l 7>/^3 rrvu* *.i$ 

.D’nn Dia bi>> ’bnipnn baynn irya myian msnb 
D’bwataDia man marp nbbiDn dn 2.6 q’ynn in Ni 1 ? nnnnn 
N»n miab niDnau) AE maiinn ,mian >aa by V 
AE = VAq 

.mian in mnyrø jynnn nmn nn a^”n Aq numn 
:bnpai Dirn nnsiy niyatnnn n’21 

AE * VAq = VIAt 

.Daan nbyan inr mn At nynn 



:P tflDi mm Dian peDn nmpa ,pr nnmn ,nnab niDnaiy maimn 


P = ^ = V, 

At 

.miab n’bmynn nmann mnyn nsp nu p’xn paDnn 


.labn rmnnn nnbiynb .ni’ivsnm ind ndid Nim .DHin’bn rviDim bbDi ii’N nr «pyo 10 
.mnN pis dn n^n .mioianon ri”by dv> nvmnnn -pv ’U’Dn Dbynnb i»> nt iat>n D’b’nna 11 



jimrjrø V'vcm 


’Pycm tnT - > pi<> 


lWatt = 


N’n paonn m*n» 


tj”oniK d’D’ddi paonb tn’io’i nnai nny .paonni n’njan 'iv n’bban nrnnn ind tv 

:>bniynn bjyni 

:mN3n nwirønn »nv> m bapn ,pat>nn nKirøon tjnw pin na i>2j 
P = (IR)I = I 2 R 


V V 

P = V— = — 

R R 
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jvxa$ jnu3 inTn i\yt\y avtrn :* n^xre 

.36W ,12V :nonyn D’mun nnon nma by 
?n’by mnnynn nonyb DHnna nbyain nm niyna mm mm nnmy mn .h 
? n’by Drøm nnnn n>snni nbyain nm myna mm mm nnany mn .a 

?6V irn nnnn -nyto mim pann mn .) 

:pnna 

dh pm ih 36W mn mim panniy nm mim by nmnynn o’Jinm niyniyn : myn 
.npatm m pp’i mim mr dj pp» ,nm» p>p nnnn dh ,mnn .12V n’by nnnn 
,nnmn nmnb nayn Dnnnn nmiy mat) iy’ mim by nnnn nn b’*na dh ,’jiy isn 

.pnm’ vmbn Din nniba - "<in\y’n" nmi 
:D”pnn 12 V mim by nnnmiyna .h 
p = iv 

, = r = 3 Æ = 3A 

V 12V 

n’snnb nnnn nanpn .n’by nnnb nmiaina mm mm ,tmiH pin ’a by .1 
ony pb ,'h <i’ym miy’my *pyn nnmnb ,nmm tant nn nrupn ,onyn 

. 1 . 5 A 

:nmm nirnnn nn nb’nn aiyna .> 

V UV 

/? = - = — = 4Q 


I 3 A 


:mn iynnn asna mian patm 


p-LZ-*V-L-M!L- 9W 

2 2 4 4 4 


mim by nnnn nn D’JDpn dh .nninnnn D’a’yon niy pnnan mnnb piniy ’aa 

.4 ’a p>p npatmi ,2 ’a iop mim nnr ,2 ’a 


52 


jirvjx^i *jy<m 


tm- } jnj> 
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tnxiy nvmn mvuKn nViy n^3 :$ n^xn 

12A Hin Ti3nn bip rnnmn qua mm .mpi 45 d mn naiv manb hd ®mn tnm 

.220V Hin vby nnnm 
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nVn Vpjdip Vayna ,nnnn upoV iioa iiinip roa nvonan rirninnn nu tiiniV upon 
. nn\p Dan mm nnmy pV ,noa D’iainn Vaynn ’a’am Va . l R 7« D3 .nVVion 

:n”pnn nmitm nnnp pin >dV 

eq = l 2 rAt + l 2 RAt 

n’Vnipnn mrotm Din 1 ? mnmn mm« mtinrø nm>N 

nWion >"y npaioan nVVion T>na »Jixmn toV 

.Viyna dit miro ptn wn At -1 .Viynn ’pVn Vaa Dsyai nVVioa naiyip ponn »in q 
niV iDDi mDD 3 am npVnai ,nVVioa DinV npVna naain nVVion "npoonip" eq mruan 
-nnVipm nVVio n”V iipdn ’n IN ,nnjn kV nyoin ton nVVioa mmip Dinn .»aia»nn 

.don iraoan nniTunmp -mVNH’N 

> ■ 

( :Vayna D’poonn nn Vapi ima nanrom nNirønn nu pVm dn 


el 

= 

l 2 r + 

I 2 R 

nVVion poon 


mor poon 

nVVioa Dinn 

marnn im paonn 


:Vapa oim nosiya nmronn tin pVm on 
e = Ir + IR 

. r - 1 R D’Ton Vy D’nnnn o’y’ain »anm <pNa iiPNa 
: Hin nVVion Vip f -1 e D’pmn pa\p nnan 
V- £ - Ir = IR 

:D’Nin DnatV aV oroV ip> 
dd r nmoon nrraannni e nVVion Vip D"Nan .n 

.nVVion nN no”ONnn D’aiyn 
Ninip .nVVioa mta nVn V = V e f opnnn nnn Viia .a 
pra nV pVi ,pisn Vip R innaannn yaipin msy 
.vpm nnn H’ Vy nVVio i”dnV 
’dd ,’ii^’nn nan Vy nnnn m Nin o’pmn nnn .3 
omyV naian m msm na .Nan n’Na niNiV hpqnip 

.V e f — V g h 23 iVNa." pilin" 

/ = — — :N’n Vayna Pnipnn mm nnany .i 

R + r 

Piyna jv^nrøn rrniN imb >røw pis ba R »Jix’nn tun 1 
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^vnn *?>y^3 Trppvn jm*7$jin :$ 

. 1 . 5 V q"nd nbvn nbbio >v bv nbvain mm ,8Q nnnonno mo bon oo oia 

:dn non .r = 0.2Q mn nbbion bo mnoan nnonnn 

.mon mm nnuiv .n 

r , 4 f‘. r- •-■■■ *>■■ ■■ ■' ■■■'- - t ;•••• • - ’ 

.nbbion bo D’pnnn nnn .1 
.(rinann paonn) nbbion mnn mnnonn nup n« .j 
. mob mbnonn mmNn nmon nup .i 
. .nbbion Tnrnnno paonn pnb mob nonio paonn pn omn .n 
.manna mpn 5 ionn pbn oian dn ,nbbion npamo mniNn .1 

:p*ina 

.nbbion (oinn) rnnnnn paonn nn Pi n , * 1 ,mob nomo paonn na P ext tnoi 

.N 


.a - 


/ = 


1.5 


:mon mm na nbmn nudi 


0.183/4 


R + r 8 + 0.2 

:’ab nudi nbbion ’pm nnn n« 




V ef =e-Ir = 1.5-0.183 0.2 = 1.46F 

:Nin nbbion Dinn nmu’ nup .j 
P. m = I 2 r = 0.183 2 0.2 = 6.7mJF 

:Nin mob mrobm nmon nup .n 
= l 2 R = 0.183 2 8 = 0.2681F 

:Nin opmnn o’paonn on’ .n 

p ~- °~ 268 - 10 
P int 6.7 10 3 

:N»n oian pbi pin mpn 5 ionn nbbion o’ bv npaioo mman mnn .1 


E = sq = elAt = 1.5 0.183 (5 60) = 82.35J 

:nbbion n» bv npaionn mman m nonb mna *jtt 



56 




jipvjjiøi 'vyv n 


im -1 yn$ 


* 7 >y^ o*na irirrnn nn^> jiiYn 2.15 

,’bnwnn mm nnny rumm pin« iNinnn bayna nmsmn nruannn py n# o mon n« 

.nbbnan >p-m nnn mnw’ pn nN^nnm 



;| :D*npn pyna unn’a irrm .nbbitm >p*m nnn nx maann -i\>)pb nrn] 

Vef = £ - Ir 

nntpna n» by Nnian D>p*mn nnn , 13 nyiap nbbmn bu> nmnan nrninnnrø nnma 
nbbitm b\>> tnpmn nnn nmø nu *iNnn ,V e f(I) pan miba ,i”awn .mm ny nnnrb 

.(pisn b\y nruannn) nnismn nvmnna mbna 
:aan nnn 'lun n» by nainn p’aiNn 

# »« * l . -■ i ■■; X f * -i -’F i , J-C'.rri .r-! ' **.i ./ ' 



mm nnsiya nbbitm ’pm nnn mbn :25 ii’N 

:Nin nma nbbio b’ann bayna nntb niyyiy I max ’amn mm 



,nnnr inrnanniø T^ba nbbitm »pin nu nnann dn -iana nr mr .Pspn mr" >npan 
dyd ispn »a ,nbbit> ispb nn Nb nyyn pwa .oaann D’pinn nnn ,nr asna .(R~0) 


.nbbion nbyan -pynn rurrøn nj’N n’Q’ion nmjnnrrø m: un 
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+v>vn ma - * pp 


D’pann nnniy p’*3 -ny .(ipnan ni’nb biby nr) ainn na’nnn 14 "nni3piannbi" nnmnnnnb 
niaainnb nn\y <pjn yiany bi» nbninn pvn .baa nbbioa mrnu> baa pp nbbion bi>> 

.nbbion biy n’nnan 

niaainnn aiyna ,D’nyb .V e f < £ D’pann nnn ,na’n’ nbbit> main ’bniynn bayna aipna 
D’pann nnniy n’33 uh piannn baynn b\y nmaannb nnam ,nn»3T nbbinn biy n’nnon 

, . V e f < £ HD« ,’31’t>’3 layna ,^»193 .V ab ~ £ D”pn 

.’y’aani »arøn y’aaa ,ipn Tiynnb ab D’iø3 
Darb navn ,nnv bna Darb onrni!) naon nbbm aanb i»’ ,c ina naip3 ’iona bapb ’aa 
aanb w notnin nbbion nn .V ef < 0 amba ,in>o ioin nbbion ’pan nnn nra mpna .aarpn 
.pva inina mbyon nibbinn 'nw pina amba ,"y”t>n aia’na" nr napna 
.Vef > e thi ,pva pin nnipnn nbbioa narn ,”aj3nn aia’na" 15 nbbit> aan3 nnr nmyb dh 

/paa d ma naip3 bapnnb n’iiyy nra napna 

njv> upo ji '3to l*H 

it nbbio\>> ’aann poonn inn aaab D’3”3iyn 13H .D’yin’ r i £ n’3”DHniy nbbitaa ina paa 
:Hin mannn baynb na’ayn nbbionip P paonn .nis’n pasb pot>b nbia’ 

p = iK f 

.’3i3*’nn baynn by nnnn m Hin nr nnn .n’pann nnn mn V e f-i ,bayna narn mn I aiyna 

:n’Han n”iv)’an nn bap3i ,D’pann nnn nn poonn ’io’aa a>af3 
V ef =s-Ir 

P = l(e-Ir) = d-rI 2 

naips ny nbiaaa H’n n’spaion pai parn bi» n’yian n’arpaio ’a’ by amnn ponnn 
>ob n3iannn poiann nmium nn airaa .’aann ponnn nn naamn mn’oann naip3 .rnn’oan 
:DDHb naraan nmnan ’a’ by I (PM ax) ’aann poonb D’nnnn narn py nn Hsnai ,Darn 

P' = £ - 2rl (pmax) = 0 

:’aann poonb D’nnniy narn nn y’a3 nny 

I (pmax) = £ / 2r 

.rvbnipn!? n’O’D rraaiN aiy a’nnp nbiD’nn mapiann :jvn”yn in nbiipn rmrøb niNunnn ir 14 

.biyna nbyion d"ndo bna n nbbio n’aoip ’Ham 15 




vm-i ;n$ 


j«’vjV>i 'vyvr\ 


:bnpa .patmn nmnn nr py n’ara dn 
Pmax = £(£ / 2r) - r(£ / 2r) 2 = s 2 / 4r 

.:’i\3’in n> by pva baynn mm 


I = e /(r + R) 

:Nin mm pyiv uns« niv narn 

I (pmax) = £ / 2r 

:bnpnn nmmnn nmiivnn 

R = r 


.r nbbitm naab isnyn miw »aismn nam nwro bnpnn baynn »nu potm mapon 
.R x namvn naa n>-by asvn pnsm ,nbbit> b’nniv bavn nrrna ,nr rnvia mnmb 



nanwn naa mvarnKn yarnnn nniarnn nrraannn py nanv :26 mm 


.nbbitm b\v r nm’ian nrraannn pyn, Rx inny mwo bnpnn nanwnn naan >nnnn patmn 

'*iy<m jrftaun 2.17 

nnamn nibnran arvin nu ivmna .nmaN ’bipnv 12 ivnv pn bnn ’bbn aivin «m mbnra 

mmn 

.nmiN 1000J nann p>anb pvaw pbn nmD viann biv na’pn nbyann piw nnmnn vian 
30% pn ,DnnN ta’nron ta’pbnm viann mnb isan ir nmaxn 70% -w pnnnn npnnn 

.30% Km nibnran nrs mpnn .nmsnn nvianb ir)n>i!) 
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mon m^>2»n ."ri" juinnrø "dun" rmivn man Nin m^nun !rm pnft DDtnnn pa’ttn 
:DTipn pytn inprnt Pnttnn bwvb n^N mmn D\y”i .dvit n^na in t?tv wn ,nvr’n> 
Nin V ef wnd V ef q = V ef I At ntomn n> by> msvn ’iis’nn bayna npomn nmsKn 

.bjynri Dit Diny ]mn Nin At -1 ,tnrn nnmy nN pnn / ,a’pann nnn 
tmbnjn n*mni d^n Dmy nnj .sq-dt nynn n^nttn rvniN npnn n^ipn ,nr jnn 

V ef q V ef I At 

7 = —— = —- 

s • q s■ I At 



s 


nbyittn dn .i-Q D3up pb ,V ab <e D”pnn ,mra nbbit? w> n bayn ton 

.nmnNn nPnin n« Ntn^? jhhj ,rP .1 ron nPnan py ."TivbNn’K" 



fmmpi V^wTi 


+vy<rt\ mr - » 


ff 4“ " ; 

Tran vj$a n*vuKn jn*r* j :rø rn>xn 

, e = 1.5V nbbion a"aa .0.20 n’n’ion nnnaannia nbbioa "pyoin man oaa 

.80 oaon mia nnaanni 
.t«an bayna Timian nib’ara na nyn .a 
.man 'aayaa mian 71137*7 nb 37 ian abn nmaan nna na aiyn .a 
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ini'a’aean iny’nb mma a>37J 

V 1 464 Volt 

Tj = — = — — = 0.976 = 97.6% 

e 1.5Volt 

.nblaion npooniy mbniynn nmaana 2 . 4 % nv’iyi a>n n*737ian a*7n nmaan .1 

:nvia >37na npoon nbbioniy nmaan na aiyna .a 
E nergy = sq = el At = 1.5F 0.183/4 1800s = 494.1/ 

a>n nV^ion ninnnnna naonnnn ,n»o>aa nrnaaa n^ion nrannnn nmaan 

:E, m 

E. nt =494 0.024 = 11.86/ 
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Ttoo bv innn nm> *p*t pwon navn asp m Ji3S”» I ’bnwm onrn nnsiy ■ 
. I = Aq/At ’tman rp bv 73 T>3 bavna ysmnn Dam .l?3yna 
N’n n”3røa ybvo bv *jnnn nw pi nnaurø nnibipn naoD - D-im m»n> ■ 

TVJT3N71 ,lVolt nid D’bN’SJUian \inan pia nrnps ’n\y pa V3 ivddwd ■ 

.1J N’n pbip nt yupa bwnb mon3\>> n’bnwnn 
pbipb d’Vin'jh iddd * obiin N’n nnon in D’bN’S3Dian man m’n’ ■ 

y 

c 

dn vum .yopn msp pas> nnnt> *p!?m vop pi mm pa nrøpn DniN pm ■ 

:nn33nnn 







I = V/R 

[dl =[Volt]/[A] DniNn N’n nrrasnnn m»n> ■ 
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4.8 V .N .37 
40% .2 


69 






cm ’b>/o - 3 jn$ 


mi - ? pi<> 

" 7 / 7 ^ 137 >:? mo ft wm i>avn mo >> vm* 

’biiN ’Npn’a ,(Lord Kelvin, 1824-1907) pnbp ni) 



D’oflii/j o’bayn >a;N ni ,pp>n nynna o« nr; oibsn ;i ipn 


,nibyn .rniNiyn inmo .Dnpibm D’nn nbain udn ny immun nmnnn nm dd\!> nol? 

.pvn pb in inonb npibn >ysnNi 
nbim nnN jidd npibm nbnm n”yi Dy mnnnb mørn nnøiiNn .nnmnn naipm 
’bniønn nunnn intn Dy .in »rabl D’byanb .Dnaab ,onyb nnpibm n’bniønn nmiNn 
.D*un ’biyn pn nymb pisn *mynn pi ,D’biyn *invi niv ibnn Dnnøann .bbarnøn 
D’bnnn D’Da'riD D’biyn ’abu vbyiøa nibn narn (i ivn) ’nn aiønn b\ø "dn mb" Dibsm 
pnnn niønnn nnann mn Nb »bniønn biynn b\y nyrnn xbb .D”bniøn onm nbN 
Nin nr pnaa np’yn mmn vbMWTn miøann biø b*ni ibmn pnnn mm mn Nb niøynbi 

.rvbniønn mnm ’bniønn biynn 


70 





jirvjy>i byem 


oti *ntr >-3 


KU^> 3.1 


do D’b’an dpi dit ’bayn .in« iaa i« nn« mu -inr pis bpno bayna npoy 2 piaa 
mbnonn Dnbiyao na baynn b« Dm« aanb w isp panb nna ia«i ,inv i« DDai* 
.nayioa mbnon noib in’ labioo o’bayn mnoa pian n« d”oi .nmpn mnn 

:nm« mba nr piaa 
bppnai noa onaa na’n ■ 
D’bayn uiop -nbipo nnaann ■ 
Opnå) pnap poan ,im omyi isp ,maa bnon ■ 
<yinai’p »pin - apann a’bayoa biana ■ 

uva ir-rxj na'ii 3.2 

.D’iaan baa nno inniny pb ,i»n» bibona dut ’bnonn Dirn ,n’iaa bo nio na’nao vara 

.baynn baa Dirn poa) ,pmnn in« i« o« ,niD nama ,ir na’on 
mm nmnyi , 110 a anaina R2 1 RI D’iaa av bpno ’bnon baynn yop nnsyb i«na 

.1 «’n ddii 


, * I R, R 2 i 

—w- \m— 

.nm ddii Dirn nnany .noa nnainn D’iaan do :2 in« 

:D”pn Dnaann in« ba by nnnn ,am« pin >a by 
V t = IR , 

v 2 = ir 2 

nma«b naano p>on ni’mb D”bnonn ninian bo miayn n« nnamn V2-1 Vi n»bian 
D’iaan do by V nnan pb ,(D’iaan mnnnnna dop n»b n«a ir noia«) anaaa mnna 


y = v l + v 2 


:D n pD 


71 



jirvjx*>i 'vyvr\ 




V = V X +V 2 = IR X +IR 2 = l(R x + R 2 )= IR t 
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.15 ti’ni imnna 2 A a»n <ijv bon mm nnny pb 
:dtiin pin ob V xz mbNoiman man hn aiym j 
x Nin mm pio o ,x nnpmn -pai bNoimaa a nnpin 

:Nin nnipin pa D’bNonnan 
AV xa = IR xa = 4.4 5Q = 20F 

-a Kin mm pio o a nnpinn -pm bNonaiaa nNimi z rvnpm 

:Nin nnipin pa DPNOiuian 
AV az =IR az =2A3Q = 6V 
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mon pn PNaan mivn nnmv :^mvnn mivn nnmv^ nmnn pn wmn no:^ pin nnv 

:pnan tvann imn p^inn q 0 tnn tvan bv bvioiv 


E = lim A ^ 0 


F_ 

<io 


rr^’Ti^T^nTn pip’/ ,D"jvnpj irjyv*> *tv ^vnn nrvn m.2 


linn aiivm 1 ? tnn nnn r pmna PNsnjn mipia Q »mipj tvan biv »^nwnn man nnviv 

■ X 

-F = k^- 


:mwn pnsiv biv r>vn bnpnn ,q 0 pnan tvana pb>P3 on 
_ kQ 

E -f 
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jn'VJXO* V>vti 


’V^xm mv - h \ 


__ møNa 

k = 9 -lO’TVm 2 IC 2 

t . 

qaiNa ,nnN yiap mysnNa mnyb anaj k yiapn 



n\>ma 

. c 1 

s 0 = 8.85 10 ” — 

A’ • m 

.nmya pna so yiapn b\p imynipn by 
■ nmn nr asn .nnv in onyon nip n» by nsu mion mpna ’bnipnn nmpn man mnpna 
ynNn pa nNsnnp mbbn paa ,Dnanpa Nsmip qu by mnip ’nna nip n» by byainip niab 
n’bbnn by V1N F man bip ninpnn mann mn n’bbnn by bipipn man ,nr nnpna .nrn pib 

nN mn”pn mmanip mnniN un - mman bipip hn "nipn" n’bbnn . n >wnn •»> m >F mam 

.msmanaion pnp’y 

man ib’Na n’bbnn by byia nnannn mmann nnN ban N’n msmanainn pnp’y mynipn 

.nnnn man by y’aipn u’N nnN ma nmba ,n”p Nb ’irøn 


tyon by byiaip ’bnipnn man nN aipnb mpaN ,minn mpna ’bnipnn nmpn nyn’n ,mnNa 
/ t . ^ # qyona nmpn py nbaan n» by ,mpn miNb Navip q impba 


F = É E q = 


kQq 


.pbip pin ny nnNnna 

yin Nin ,Q nm’ jyon n» by nsnip ’bnipnn nnipa nnnnp’ m mnm q nyonip qn dnip myj 

:’ab ,mnipn naiNna 


„ (r) = £i = «.M 

m m r 


.m’nnipi miynn ’m by nsnip ’bnipnn nmpn nmny anp’n nN ipmm mNan niNmina 
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wvjx^i 'vyon 


+iy<rr\ aw - h 


.<pmm rvro Dnsv Q 2 -1 Qi nnynn nia 
,nnnm nnjmaa Niina Qi = 1/3 nC pronn 
.(0,3cm) nipna nsm Q 2 = - 2/3 nC pronm 
.(0,5cm) -a nnpinnn A rrnpia Vipi>>n rman dn aum 
pronn n^via Eq 2 nm ,B nnpn Qi pronn nsviy E Q i ’bmmn miøn rm a\an 

.(4cm, 0) :B nrtpin np>ro> .it mipia Q 2 


:p*ina 

:H’n Proiønn nnaV Qi jironn nnrw A rmpia .n 
1 

*C?i 3 

” :-— ±.a * xu 

c 


9 io 9 - ir 9 


^ei — 


' Al 


0.05 


= 1.2 10 3 — 


,+y pnaa pian nr Tropn 
:N’n A mipia n-ro 1 ? Q 2 pronn nmin 


9 10 9 f- 10 9 ^ 
p _kQ 2 _ l 3 


3 /v 


'Q2 


A2 


0.02 


= -1.5 10 4 NIC- -15 • 10 


. -y pvaa pian m nropn 
:A mipia bipian Tropnn 


3 JV 


E t = (-15 +1.2) 10 3 = -13.8 10 3 — 


.rron ’oba y vsa invai 
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*vy<m arv - m 



B rvnpin b\y pmnn ynn dn lom ,B-a m\»P Q 2 nnnn dn 3\yn^ hd 

:Q 2 -n 

r B i =3 2 +4 2 =5 2 =25(cm) 2 



»9 2 9 


, n 9 10 v - 10 „ 

£„,=*% =--= 2.4-10* — 


J Q 2 


'BZ 


25 10 


-4 


. Q 2 prønn in’Db nr mopn ijivd 
.Eq 2 -i Eqj niopim oidoh Nin B mipn ^ipon mon 

1D1N21 

É r = É, + É, + 


>iio>ti by bpnb hd nr bipno bonb noaj 



.nnon»o »biprøb npn»aa Tino nmn Dipn 
.»ooonopbNn mon nnmy 

nnvy v 'Vip'V 7 ‘K n^xrr 

,D»nr yunn nipnpa Doyonn 

■% 

ynnn rami ’bnonn mon nnsiy 

.ODN 
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’* 7 ^vn mv - 4 p-i$ 



oaNnn un< m\yn ind :>4 ivn 


smvyv '*7ip’x^ l 7 *a n^xrr 

•npmpn D’iyiann -ttin m p’ma dn 
pn nina ymnn ta-ina miøn ,ynnn 
’d ,P’byn ’b^myn iyunn n» by 
onnNn trayiann ’:ny bi>> nm>n 
.nr dn nt D’bvnn 
ptobNn *piNb Nin m\yn pva 
.p’byn ’bNn\y TipTipi b’nrmrø 


DlU'l 

,P nnpaa tmnripa trayian naon biø ,E T ,bipian miyn nnany rm aianb na ■ 
]niK nanbi ,mipa nrm<a tmyiannn nnn ba bu> m\yn nnsiy rm a\ynb u>> 

.nnapu mim 

F -Ej ■ q x »ab a\>nnn ,n mnpaa Kanaan qx ]yun by byiaaa man ■ 
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'■»yem mv - h pi$ 


D”*79vn sw ’np jnyxyia '‘rovnn nrvn ukvi h.? 

. M. Faraday *inn ’*rNn iymn *io no ’103 intyi 5 unn 
*y n’*yian ninion nu io’nnn* nn*i 3 ’ **i 3 i nnioioa **aa ir nnrs nono yn’N 'mio 

.D”*nion D’iyoo 

?mio nip nao n* 3 pno *ts ’31 ,’boion mio nip dho 

'*7^>vn iTTV 

rt *10 mion »up nu oono* 10 ’ wo uun ,mion nip *10 Dmynion nu 30 ’n pan* hd 
nioipna »avn irn nnroio pna jyon trioa .ni’Na iNinaD -q i q Dnipna onnap ooyon 
<pjn ip maya nny .r*y *yiaio *ipion mon pi >3 n« yna intni .ooyonn nanpa douo 
00 * 110 * rm ,*aipnn »a* .’*nionn mion ip mr .nn’n *n’N 3 iNimo ’od ,D’:rn* pnon pioa 
.’*Nmon una iNinaio ’dd .onrnn ubb ,pion pnta , 12*2 mio nip 



nip niyanm ’*nionn mion niN’n nu ni mb io’ 1210 jaiNn nu ao’n nnnin d’**d nio 

:mio 

,yn3 inion pio io> mio ip bob .mion ip 1 ? mipr mipi *33 pnon >*nionn mion nopii 

.»arn ]ni3 tyon *y *yian mion pi» 2 * y»32røip 
nnsiv 'k- 6 irna .»*nionn mion nnsiy* (n»nii3nn) nnmniana mion nip *10 tmio>a* 

.A uroa mion nn*iy nonn mop B nma >*nionn mion 








jwvjx^i ' tyv n 


’byem rrw - h 71 * 1 $ 



T’nN mo 1-6 ivk 


•wik Kb nw k -6 h>k 


■' :p»onb 7110 nbK o’bba non 

, 0 ’b’apn onip n> by inirin nra mo .oipn baa nnt innanyo mo inr - "i’tik mo" 

.7 *ivk nKT ,mn nr omiy o’pmna 


o»b»apn mo nip n> by iKinn rnK mo :7 ivk 


i rhwy} /Jiittit 



moa iwn bio nyonn bibon nK onKnn na’K mo mpo ikd vya 
*ma nab nino n’paiK npnT by aiona dk it nayo panb bpi .’bnon 
< 7 ian bo ibibon ib’Ki ,non noiK onnan nt mpna mon nip .y-iKn 

.’DiKn no’oa nbiaaa Kin y*iKb ivon’ 



**7^vti nrv 'up vivw*7 trVrD 

/poi’Ka ik ,’b’bo tyona o>n”nom ^loanra ik »avn jyona o>b>nnn mo nip ■ 
Dbnib »avaniana ,’b’bo jyona D’n’mon ik ,»avn jyonn o’ksvo nmpn naon ■ 

.Doyonn bo 

— --— .D’tnaa on vbKi ,o’Kai» on unn jyon nab o>aan mo nip * *' 

.nr dk nr onnn na’K ’bnon mo nip ■ 
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jirvn^i 'vyvr\ 


''vy<n\ rrrv -1 jn 



n*TU> Pip :8 H’N 

' t.-t fftf***? Q**xf ' 1 

»avnn p>unn ,m mpn 2 .) d'jwd p\y biy rmy ’iip .2 
»b’brøn prønnn 3 >a bna Db*ma dpiiø -|N ,|q*o pu>> 


rniNnjvi 



piy b\y miy pip .n 
DPI rø D” 2 Vn DPyUQ 


t'tik '*7^vn rrnea jyv^ .n/un m.m 

>ba\yn tud byia ,q uyum m int>m>> pyo p’pbn by ,*pnn mn >bo\ynn m\ymy mpoi 


:D”pnn yi2p 

i F = Éq 

Eq = ma 

- Éq 

a = —— 

m 

ivonn dk .»bnumn rmm "popn pi »22 naiNnn pi’D ,»avn yin p’pbnn bip iiyoo dn 

.’boiynn m\yn nopub inm pi>D 2 nsiwin nupn pi>D pb’bw 

.na*i noibiiDo niappn ’bniyn mm iyoa nyunb ,*ppnn 2 titojip > 2 D 
.’bniynn non nn p*n in 2Pørm /T2iDn man nbyru D’m Dnpnn 
:22ian niDQ abynnb p*rsm 12 mpo asm riNnn nmm 


r 


v 


M H^It) 


.ponan by byiaip 


.E = 10 3 N/C wnmyip >bm>nn m\ya nsni pona 
.ponan biy ibprøn dn 2\pn .2 
.vby b’yao rmøniø ’bniynn rron nx 2\yn .j 
22on niDb ’bniynn niDn pa on’n nx 2iyn .2 
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jirvjrø 1 


Pycm mv -1 



nnnnrø nnyun l>y byiaiy Pnrønn nia 1 ? rporv ,nnpnn am .it mpon onarp >iN*in tn 
nv /man niD jin nntnb ban ,dhtq trmoN in fnopbN in pnna b\ø mpna ina ,7 ivvt 


.*mv nbiu Dnoma n’au »aab p nmn i>n\>> al? D’iab w> tint 


t 
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jirvjx'ji 'vyvn 


'tvym rrrv - h pi$ 


* 


r 


* 

r 


t 

S 

f , 


r 


> 



n» by nsiaiø E i’DN ^nm mm nmann Yimun m muni +q nyumi tvt ^pa 
nan n nbxm .d ninibn pi pnnnn .nna -imnni ,D’ 3 iy \3 2 D”nmn mmb an 

.’bnmn nub nmm mar nnn miip naup ni nonnip 

:Tiiy nmmi mim 
•inn mbm x(t) -mpnn .n 
. inn m^ni v(t) -mrnnn .1 
.’Wrøn nPi p’p'ann nv’ai nrnnn .a 
van p’pbnn ^iy mua’pn ma-iann .i 
.P>Pu>n mbi yaia mn\y 

:p“mo 

mini mm nmm> pvi .F = Eq n» !?y imai ynp ivnnn by min .n 

:pbi pt • nma mi« »paiNn Dmiio 

, x at 2 

x{t ) = *„ + v 0 t + — 

:pb , v 0 = 0 pna; x 0 = 0 * 12 ) *p tannm nnyn nn nnia 




•Tsana m^Jiy »od ,vr\H rm> aam omrai ,"0»^>apa mm 1 ? bap" D’Nipa nbx mmb nr 2 
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ti nw - h jn<> 



px>ftn^ n»nt ,vnm*ø n»bip»wrø r*oj .urwiaai nr limra at»n imiu dr :mvn 
:nNan rtom art dddj qnRn >J£^ “pot)! rmøain nb’aa tern) 


'tv mR mrøi nvun 

m num q prø» 

^v nnsmn nt»aj 

mnon 


F e = Eq 

F 0 = mg 

man 

a = F/m = Eq/m 

a = F/m = g 

n^Nnn 

v = vo + (Eq/m)t 

v(t) = v 0 + gt 

t»n ni'jnD nivnnn 

x(t) = xo + vot + (Eq/2m)r 

x(t) = x 0 + Vot + (g/2)t 5 

pn ni^na mpnn 
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■nrvjAO' 


Ppem rrrv - h p-p 


t'tik rrrva jyv^ jiyun 6 

air ’aiy ,E -t’dn Pnrøn imP lama v 0 nivnnn taaaa m inom q uyuarø vyr qia 
ban d/2 prnnn muP t>aaa pyun qian .d Dn»i>a paan pmnrny ,D>ap\a ninP 
.y-mn b\y na’rønn ma m n’irrP pva pb ,mg«Eq .ninPna in« 
nnyuni p’pbnn nu’ nP m>N >a^>a .n 
n» t>y iNinn p’pbnn bPoniø n*on .3 

.rPima 

ly p>pbnn iap »poin pmn nr>N .a 
?nPa yaia mrny 

nyn p’p'ann i® inivnn p>aa onn ,*i 

?nPa iny’aa 

**»«*-,■* -r’v^' ■■ '■- 

ynna 

nPn nnPa ,PP\yn nPn >a^a nu> p ^y ,’ivn punn pyu p’p'ann .« 

.pnnnn 

,mnPn pa\» amnl) røaa p’p'ann n tnpnn dppti nwi n« maa .n 
qma nPna y vatm x rata mpon nimipn nn Drønai 
pvann bv ma bpan ia>« p!?i ,man >aaN Nin Pnrønn n*røn -mapii pva 

rnyinp nt rata nivnnn pn naanna .x pvaa 






x(t)=v 0 t =>*= — 
v n 


:D”pnn y vxa 


•K0= v o,* + 



Eg 

m 2 


:y i«ti oipnn nNiiwa Tinb pm nn npa 
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DOM 


|naian m ®2 ’paiN ynm buirrø qiP D’m 6 nran pinaa mwrrø oPipnyn ba 
lyuna ina .n^ina 'aPonn mis p 'iv ,miv yiap ma nyaiani vi Nim 

.nnaoPa 





jirvjx^i *p>vn 


'Vo ,| ® rn 


■pmn mvn Vv o'wfruav 4.9 

Liquid Crystal Display - ,l mi vrzx ji«xi l yii3v-niwn -p^n m 



L.C.D. niuu -|t>n :10 1VN 


miUNt tin ntn 

.un tnunn bu ] 2 b nnu tonb un”m hud tud bu inbiyo pnpy by uiuni naunb 
,B *1 A Dmpu Doiu’n nu pm qnunnn *tun lamn unn D>pbnn nN nNm nb’nn 
."uni-bni" monn min N*ni B -b A 101 ,B mu’nb nnnn nnsm nbyn oba nnan nnnn 
."L.C.D." ni^’pi in "Liquid Crystal Display" rtpmou Dnunb »unn ]ton liquid crystal 

:nr Nuiib nvuinbn ni’bpno nuon mu m nmnb 

I 

A ——+ A 


B - B r . 9 r t > > 

M M 

uiun hnh bibun '2-11 mno niNn bibun 'N-11 m»N 

nnN pinn pn niN nnyn Nin :n>uaiN N»n nnN mon .n 
inn> - paunnn tun bin uonn bu m>yb nmn nnni ,M nNnnn yna niNn 'n h>n2 

» .nni tun mubip 
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''vym mv - m jn^ 


mo nbyan .n’nn ’bnon luip-n Nin o’un tn’bnon nuan N’n moon nnann .2 
n’Ni nainna /nan nn’onb pn nNSinai ,1212’ob nmia B -i A mnibn pi ’bnon 
.pnn oa by mino mipi nobip pym .nnoni tind bo lam .'2 
.noo -iNinna Doop o’yiin 11 Dionb o’ "5" maon ni’nab 



I L.C.D. pn by mat? m” pnp’y :i2 ivn 

n»ii2> im nm 
mina ’oan* 2013 

,omin o’aipo o’iopn nr on B -i A onio’nn .nspni nnv 22210 pionnn pn .noynb 
,003130 131 N 2 amm D’ 33 *INnn O ’230 -bT 13 ’2’D20 .mb TIT 0 > 23 P 3 002 210’pH ’HO’nO p 
nnia oonn bro ,miba .B b A n miyn nu bo 210’pn no’n m 90 ° -2 omion ono 12 

.mmn bo myio nomn nmiNnn n» by m^n 200 dn 

mao tik a»na 

kid pn .omn-bro bo ’imnn jinKn dn man B -1 A nmpin pi ’bnon mo nbyan 
Dn’yr nnriN 11 -2 ’bnon mo nbyani nana " 5 " maon na’na .uNn 2013 nu Doin 

. 2 iNn bo 12TT nN n’noino 
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H^vnnw- 


WVjl*?K VI .3 


n»n» «p ba .H’nyn ’bNia’jnn nat>n nav »irrøpbN ih niivab nnpnn D’yaann nbN d’qh 
mm> h» by .D’yas niø nbya n’bmyn naoipn nbipbin tn*ra ,nipi niaaia »man aann 
•uriND .unma nnnn in aino anmb baiii .D’yasnn anna bt>p>a ba ymb ban mnN nuø 

.vao mnnai d’nho biua D’a’amn ba nN na’b pina Nin 



nniapbN nat> m's> n»aN> »jinapbN in nin>a :ii h»n 


]iyv 7'*no “pju 'V^vnn nwn i.* 

ynb D’bnon nm .D’inn DiDNb Dnnap ni’Niy nmaain D’inupbN w D”nann n>a»binb 
Tbrøa Dnrann Dnyiann ,’b’biy in ’avn prøna »bmian -pbm nnym dn .-pbinn amn baa 
Nin nt ]nr .nvarø 10‘ 15 -a b\» pr pna iin ’DNuoi-napbN bpian >nny b\y axnb DnnNnni 
bai» røira naNDoinapbN bpum mnø .n»n )aiNa isn bpiann mniny nnnb pvna pap na 

\nnuna nya Nam Nim i’bina npnnn pnn 
:niNan niannynn mnann »ODDniapbN bpian >ii>u>a D’Nanna Dniyu D’a’binb 

.taaN Nin »bniann nnyn Tina Dipn baa ■ 
/pbinn nah hund - vbN Tinoa p’binb yinn ’bmann nman ■ 
.•pbinn na by tamn (<yTiyn) piann ba ■ 


tivi ,nTnon ’nbn nyun >nn .’bnwn dit nra bprø >nnø nsnb onunann ibnnn D’ivun ir nyian 3 

.onyvm bw mron nyun «>n ,>bryyn mm 




m'vjxyi 


^*>vn rrrv - h p 
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.na’Vpn nnan Vy mwn prøo n^v pyon man '3 - 13 *ivn 



nyin man by) iyonn ^ai ,na y:m man\>) p ,na^pn n’nnnb irran nN D’anana nny 

.na’bpn by) n’ns’nn na\>>!? 

1 n>ii 3 >nn na^pV vnrøn n« vayn *man 'j - 13 tpn 



’n^’nn pbnn by nya kjtoj inan by n*?’nna n’no ]yunn ba\>> naivnb in>3 -pN 

?na^>pn 

*mn Kino rnnn .aiptmupbN n> ^y ,pyu pny na^pl? roDirre? -inan dn pm^ n\pa« 

.na’bpn bn *mann ny jyonn miba ,iy\ao 


•man npmn nna m nnyia mtrøi na’^pn n - 13 *n»N 


gTTT* 

LLJi 


.pyo na’^pn bv »nsnin p^nn\>? ni*o^ iiyaN iNinnn > 10*33 ,<10133 
by) D”n’3an D’p^nn by iyon pa mPa ,bba yaom u>n pPnn imP nny tnamo pyo *ina 

.oa*P nno lama ’^nonn mon nnsiyi .naPinn nappn 
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^fnrnv -1 


iø> ,o”bniøn nniøn ’bniøn nnøan mab onm omø nnbn ,'mw biø "mpn >bn" non 
.naoynn jina o”bniønn nniøn mnp nu yinn in ,na’bin naoyna min poyb 
nnnø no’bpa mynann nb nnam nyamn .td’O nmipi »bniøn nniø nnn nan ir man 
•■nøbo ,npian nona on bm D’boniø on’nin ina - nmann man iø’ Dm ninipna vnn 
mn pb nanan .noiriøn dn oi'pp'ø pnaan mn ,nann mm *pnb m labpn omnan 
.onnnø nabp” Nb no mpnai ,naim ’bniøn miø mn*’ miøaan mn* nannn mmiø 
Nb pb ,’bniøn nniø pN pion mrNi .’iaaammapbNn nmøa niman møynb on vnnn ninnø 

.’iaaanimapbNn nmøa mynan lian” 

"m pin m.7 

npnannni D’in o’møia mnnannb man onniø nnna ’Npnannn mn ,(i777-1855) F. Gauss 

.mianirnnn np’t’aai 

pn ,o”nmpa Dnyian paiN biø ’bmønn nniøn nnmy nN aiønb n*’a m pnaa wnb na ny 

.nnmianaion pnp’yai pbip pina løinnø 
ir manø .oiNa pin mysnNa ’bmønn nniøn nnmy anø’nb naoia manø nnba nr pyoa 
.nnianna omabanmø onyian pyn biø ’bmønn nniøn nnmy anø’nb nni’na manapaN 

*7$xm *|w 

^laiøn aiøm on nb’nn panb ii’by ,innø” om dini pin nN panb na 
:yai3 t*on .nniøn nnmyb nni’amaina ’bmønn nniøn nip biø oma’as man 
.onon niaiø onnmø nniøn nip naonb nmniana ’bmønn qiaiøn 
minb nanna .nvbniøn myamn yanb pnnm p by ,o’nnirn nmnn bimø aiøin mn <iiaiøn 

•Hiaiøn win nN ooaai .D’nnirn 
nbmaa nnr nana ba .maaN mnni’ nwn manai mn prr na’na nnvn Diiøa nv p’nna 
oiN ip nniNn bbna "nonnen" nana ba ,nbN o’mna .Dbiøim r>m 010 a pn .mmaaiøb 
mapyn D’iønn .ypnpn nab -pnoa oiøan nmn nN nmm nn»n nvnn .n’niapy n« nwiniø 

.vm ’bniøn nn^i biø Dmp norn niawn b^> (’bNniø onønn) 


.na'ja nmnpvn nnna ni trøm inb t»’ ,ou7’on >o 7y 4 
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i i i i i i i i i i ********** 

>111;;;;;; ********** 
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ItmImim' ********** 

tun ’bniyn rvroi m« D\m :14 mm 

22 U 2 miman rm nnmn nnb’n .bin rmma Dma D>p>rnni ,mm mpnua mbn *rb> 

.mimen mypnp pn mamn <iui» ns Dnpim ,D\Mb 
natm rm narn ib’ b2 .lOcm 2 ib’n mmn no\>>i 20cm 2 nnuw nima npnno mb’n 

.nimnn mypnp na Dmim> "D’iipn" 
nnip 90 mm i^m ,"180 kid P\d nimnn p*r ( iwn" :niymi Dmp iso mam mb’n 
dk <ium inv an orø mnoun nn ."90 pn >bu> nimnn <iui»n" :iyo> Nin p by ,22bn 
.<f> n7i) ,„„ oa3 > ø t ^twpoj ■ D”pn° -tmin <iuu> nnø -2 pui .mb’n mmn 

:<]nwn py DHb’n b\y tnpnnn 
mimnn ’myn .DHb’n u\y bim rim ,n"no-b (mamn in) ompn naon miba ,<iurøn ma’an 
:(lcm 2 - orm ipn) ,by uaron mimnn mypnp nmn p .n"no bob mam 9 mbau 



mimnn ’nvn mrø nuiy nmmb Diyin mam naon :i 5 mm 

jm tn .imypnpn wan» mamn naun dn jmpnb pai ,mimnn mn munb D’bi2’ D’ib’n 
,mbyn 90-2 mimnn n« m’ onb’n dn .i"no bD2 mam 9 - n mi’ nimnn iyia’ 12 220 

.U 3 N mm mimnn o\>>in <ioiy 
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m’vjvji b^vn 


’*7 y<m nw - 4 pi<> 


pion -t>tih ’bniyn n-røa trai ww Drø mpna .»bnwi n-røb -røpna nbn D’biprø *?v utro 

.non 


i^’jn mrønn nn "tpaorø" >bn\ynn n-røn »nip :16 ivh 


.nrøn »nnpb as’ja asiniø A n\rø n»jnn n-røn nip 
pon .’brønn nrøn naanyb nnvaniana (nw nm’b maon) n-røn >11p bip tmia’aa 
nn-ipi ir nbaan . E-A nbaanb nmniana A nvrøn jih tromrø n-røn nip natmiy p’tn 

:’brønn <iwn 


<D = É A 


,A nnuTirø nnyrn norø mm’b .o»iwpli >rø pa nnbpti nbaana ind narrn ,niyynb) 

,-ibpo - O <iwn .A mopn bro t>n”b in»n E »brønn nrøn nnmy nopnb naann 

:røpn »ab 3wnn <i\røn 

a>= jÉdA 

by D’Qaom nuop nnnr nam!) nvrøn nn n’p^n .lorøn arøm ]aiH by y»asn nT ama 

Obo 

:N’n ^n m>n» 

[®] = [E]-[A]=N/C-m 2 =N-m 1 /C 


.n-røn mpb aana amn mrøn »3 ,A mrøn yn >amn nirøn Hin vnnnn ’rø’amø røma 
pnn dh b’333 uh .oan Hin iarr <iirøn ,ib n’prøn nrøn mpiy -p amn mrøn røna 

.man ih >nn qirøn nna D’asnb nr onrøa 
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7 n^xn 

mpb b’apn b’bm vrø p pian ,S it>>oa nw® b’bi .nrn» pian vnn nrø 



nrøn ’llp <)1rø :17 1VK 
b>bi ’D’oi pi »bnrønn 


.nrøn 


E :Pn\ynn nrøn p® jin aiøn .n 
. b’ban ’tyoan ma ba pi 
pi ’bnumn n*røn <irø nu .a 
.vta’oab uia b’bin naiayn 
’bniynn nrøn p® jin a 
.b’bann "yaun" 


:]nna 


:<iwn nmn >a by .n 


umuja ® = i? • A 


<lirø p by /raba trnnaan nu NbN .naoynn dn o»yin D3n< nrøn nip .1 

.oaN Kin navynn pi ’brønn nrøn 

tnarø <prøn mna b’bann nsinn ypian f)irøn Nin b’bann yairø qvrøn .j 

:imba ,b’ban bu 


Vtøna *aw ^ntmn rrrøn 


* = O mt -* m =EA z -EA l = o 


.b’bm pna (pun) ’bniyn nrø bi» npn ]W K»n ir nNTin myniyn 
n» by <1 o®3 b’ban Nbn ,b»bm *pna\y nnyunn "yan" u>n ’bniynn nrøn 
:>jrøbn no’ab ab nrøb ’ini .b’bab yinn\ø nnyona mpniy nis>n nrø 
nrø b\y npn iy» mnb ma N>n -"b’bann yairø nrø" nvnan myniyn 
D’yairø n’nb nnna ,">bnu>n nrø b\y p>yn" pyn ,b’bm pna ’bnrøn 

.p’ynn 
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mv - h pi<> 


” " arv 1 ? m pin h.$ 

+q »mipi »avn pon |»»nu .pon qopn -mo nwa tvt »bniynn n*røn f|om jvtj nny 

.*n»Ka -ivmna ,r oi»na »n»m maa qioy 



j nna nwm qioy »nup:) pon :18 h»n 

baa mon nniaiy b*m ,r>bip pin »ab ."»oinj noon" nnann ,*mo noon mn »jvmn man 
vin ba »a ,mipi baa man »jab n»an«n mon »up . E=kq/r 2 N»n man »ia by mipi 

.»ivnin man ovn -piNb pwn n-ron Pipn 
:Nin man »la tvt ’bnonn qoon 

v ' $> = E-A 

:pb .»ivrnn man »ia noo Nin A nona 

W ■■ >• "W ko m Q 

O = -A- • 4 nr 1 = 4 itkq = — 
r e o 

pona NbN ,*man ovm »ibn ij»n bba man -pi qoono mann pmNn nopa nnnannn 
nN n»»pn »mipi pon bo »bnonn mono mapa mop nt nai .naba nnan jina Niban 

nmba ,pmnn yia»n pm 



nbN D»bm »ny nbaan pb yA = 4nr 2 ,pmnn yia’ib »ivmana A nnan noo p by qooa 

.oi»ma n’ibn m»N .O = E • A 
mamo ri, ri...... r n trovna o»*ma bo nnbo nnaon nn»»po p»onb tn»a mnNn jn 

, : s ,„ r *. r :ianyi ,nnt qoon namo q pona 

v O = 4nkq = — 
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jirvjv>i ‘r^vn 


'h’yvn mv - h 


. • ' = - - :N>n oinj pin bv n>y?Dn nn*n .niyvn 1 ? 

<D = 4 ftk ^ q 

.TDon nwni ni^dh tvunn Nin 2 q -1 ,-nat> norønn vaun <iwn Nin O hpnd 
N pin in^> ,iDim q ivonn tin nPidid hjo n mn bib nnoi ir mw noinbi b'bmb in>3) 

.(h^d D’nun’D D’nwD 1 ; vinn nN toa un -\h ,nnnD mi* byi 
nN ^»lai ind in .D’iyon n*np bo biy ’bnivnn nuvn tin Drøn^ høqnd uiN 3 pin .nipvn 1 ? 
.n” 2 ibuD\D D’niv)”D nm nninyrny ,mni’n nnun’D ’^vi D»oia onpn niyb pnn 

:Dn nnpnn >310 

.nnnD nniDQ’nn nna onpn nbN -nnvo nniiD na>!?p in ’mipi ivon 
jinw>D nnonnj ’bvi Dn - nnø’n by vm ]aiNi nnnan d’ivdd 


nrn*n nipmn .niNnnb nvp bi ib pNi ,»jinrr nDivn Nin ntnaan" nw&Dnip n>vn!? ’ind 

’dinj nuwab .É mi!>n nopii dn ivnb D’*n nn mipn nuvl? vbviv N’n ’din 3 nwno 

."itv n”3i" in "itv ip" b\y lavn iv’ 
•pvo bv nnvjn’t)^ nm nntm>t>2 n»n> ina^iv njiNjn nurønniv nmi niNnn niNmnn *?D3 
.mv nmn ididdi idud anp’nn mnN ,dinj pin diiø”i ^rn bbi nr .n»jyunn 
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jirvj*9i 'vy<m 


n^xm mv -h jr 


9 

pnma na^nan nmpaa q tyona naiyo ,na>bin nnna no’bp brø mrøn nn arøn 
:D’mnn nrø pa jnan pmoa .R na’bpn oim .na’bpn ramn r 

.r < R nrøNa ,no»bpn *pna m 
.r > R nrøto ,no’bpb yinn .a 

.-ynno 

r < R D”pnn .nainin na’bpn *pna ,r Dima nna nwn naaa .n 

I y/-Nw :Hm TINT 


man nna nnrøn :19 mm 
naiyon no’bpn *pna 





:>m«an nnrønn ’ao by mrøn nnmy n« arønb na nma pin uh Drøm 

<J> = EA = 4 nkq 

’thaan nrørønn *pna D’ayrøn p« »a ,oan my rooirønn brø »anm qaan 
nnaiy nnnan no’bpn brø ’nnan anmn baarø yaia i^an .r oima 

.don N’n ’bnrøn mrøn 

, r > R D”pnn .nainan na’bpb yinn ,r Dima nna ’Dma nrørøn naaa .a 
rnnrønn no by mrøn airø’nb Dma pin na nrø”ai 
Q> = E ■ A = 4 nkq 

by qnya na’bpn na byrø pnnn ba nyan 

, , :pb ,’Dman nrørønn n» 

« 

2 _ O _ 4 nkq _ kq 



A 4 Ttr 1 r 2 


man nna norøn :20 mm 
naiyrøn no’bpb yinn 
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’b^vn mv - h 


nnn mipia rann jyunn ba n»n ibno minn mion nnyon na’bpb yinn mpn boa irnba' 
’mipj jyun bio miob nnr mion nnrran na’bpb yinn mpn baa nnn nun .na’bpn rama 

.nnnan na’bpn rama inipni ,na’bpn tyuna ibinio q 
- :nan pia it nbnio trinan nnpunn nn naoi 


E=^ 



nnyu na’bpb ymm Tina ’bmonn mion nniny: 21 ii»h 


>1 


10 n^xvi 

DniD’Drø D”ai’n nnyun *a\y ’aiui’N ino’n bio ’lnwn mion nnsiy nn aion 
niopn mysnHa rnrnn nr mpna tyunn ma’asio nb’nn vnaj .0 m’nn 
.C/m 2 tn SI • a o nn’m .nrø mnvb prønn nina imba ,0 = q/A 

- ba ,myn min ivon babio noiva ’aiui’H ino’n .h 
E baa ib a’aun nnyun <tiui’H ion ,naiob nm pun 

.nnivan 

nay niob ,nnbm nuionnn nna nr mpna mion .a 
’bnionn mioa niann »h 10’ imba ,pyun ino’nn 

qiyun nio’na 

("miNi" nuion) inu nuiona nnab nn nr mpna 

g .A ina’ua nuioi pyun ino’nb airn ivsio ’b’ba 

D’asn mion mpio panb ban nnunn? ’bipnon 
ino’n bio mion :22 ii’K . . , 

Dnyun bio ’diui’n W«nn nmnn nnnm mion nip p by ,pyun nio’nb 

.ini’ua pi pn -jh 

Hin b’bari ima punn pb ,A muio iioh Dnyunn nio’nn pbn Nbio b’ban 
pi D’Hirv mion mpio ab nnon ,<D = 4rrkq uikj pm nN mo’n nny .q = ctA 
:bapi ’bban nu’aa b’bann yann *tuion nu’a nn ann dh pbi .D’unaan nio 

O = 2(Eå) = 4nkq 
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»•»ycm rrrv -1 



nmyrø mb’ipn mm!? air pi mrøn nnsiy dn nrøn 1 ? irøaNn nr !?’ami naimrø nrømn 
,TnN mrø nrs’b npm rønrøn no mmb an .D’iion tnn’rø m^yi in ,mnr p?røn mnnn 
.mm 1 ? bip Nipa nr ipnn .D’jirø nmibianrø mapnni nn mi’røn i 1 ? røn 


1 2 



røaNnn mrøn mnibb yinn .bipn mm!? pi ’bnrønn mrøn :23 ivn 


mmbn pirø nmni ib’Ni ,t?DNnn mm!? 1 ? yinn mrønrø pnanb inn nnmaiairøn pipy »ab 
.mni!?nn inN bi brø nnnnn D”m?a inibi, E = a / eo min *r»nN mrøn 










JlFVJrø *7^>vn <-<*■ 


+iy<m mv - n jn<> 


»n» Py D»ynn Dn :yni> Pnpn nK 
’pini ,naPa Dn>i>aiy na»\ynn mma 
.mnnnn niKmn dn lyrnin nn yaon 
.mon ? nnnnn nmnn n»nn nn 

D’Kitni >iyain ponai »iy 9 in pnoppK .11 
.n»nK »Pniyn nTOi 
.'p»nK nmy" mnnn nK mon 
P»yan nmyniy mnian on» nK mm 
.pnoppKn Pyi poinan by 
pnoppKn nmiKn om nK Koa 
nor nn»aan niaiy nnma) .poinam 
,ae/a p ,(o”Pniynn mniaP mon’ 
Dniy , m p -1 m e D’yiapn mysnKa _ 
.pnoppKm ponan mon 
• .a e /a p pomn py nK a\yn 

?»f .■■■■, 

nrn nr o’pnnn o»nr D’iyon »ny .12 
DpnP \y» -qioi’KP ona-p’n .r pnnna 
Pya»\y Pip\yn maniy p »\y»Piy p>on 
.oaK mm i»Py 

*H- : 

nnK Paaiy PPanyn nwi>)D m»Ka .13 

.q nnr p»on vnipnipn 
niynynn ranna »Pniynn nniyniy nmn 

. 09 K mn 



,-q o’iyona o’iyon »ny iaPni» dk 
? oaK mm ranna nmyn p»ny DKn 
D»n»Knn D»ni»Ka paon nnp 
.m^nyn nvimyaKp om»nm 


.nmo »nyn nn\y pip m»Ka .14 
:mnai nwan nnyon pan iPk 
?( mpn Paa inanyn naon) 
.n»nK mrø nmnn D»m»Kn »nya 
nmyn nPyn »aPa mpnn nnKiya 
.prnnn »pKmym \ypni »m»n 
p>on Piy mynn nmn mmyn »nya 

.naiKn nw 


nman jiPkv 

" “-'■v 

mn .»Pmyn nmy mn nn naon .1 
? »Pniynn nmyn nnmy Piy nrnmn 
ik niopn Km nmyn nnmy Pma DKn 

?nPpo 


nmyn nnmy Piy pi»an yapi m»a .2 

»»Pniynn 


?pna p>on mn .3 


pma p>on Piy jyonn mna ynn .4 
■p* Km yrrai ,niop m»nP na»mr 

?»nmpi nnli 


ivon Piy »Pniynn nmyp" rmmP nm .5 
naon ."nmna n»non»o »mipi 
.ir nmoann mymyn 

. >s 

nnman pin o’iny nnai D»nn nna .6 
pPip pini F = Gmim2/r 2 pui’i Piy 
? F = kq^/r 2 


Kan ? pna D»»pnn nnman nmy DKn .7 
o”p Pniynn nn^n dkp .nnnn 
.nnjin Kan ?pna 


Pmyn nm»: »up yinn naon .8 
.o^iyV o»ann 3 k 1 ? »ooomopbK 


pvaiy n»nK nmy^ oiai pnopbK .9 
nniyniy man pi»a mn .n 3 »n» mnmy 
rpnop^Kn ^»y b’yan 

»lyain pnop^K pa mnnn nn»»pnn .10 
n>a? Py nP»nn d’ksdih ’iyain ]iomai 
.nnmrna x = - a 1 x = a mnipna x 
? n’iyKnP omp y»a» Dnn »n 
ia»Pi .nnnnn n» 3 nr m o»nnniv)n Dn 
,pmm Kain D’nnnnnn nnK Pa Piy 
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jirvjjrøi ‘pvn 


aw -1 pr$ 


bna ,’nnpa q jyiann 5cm pnma .3 
avn .1.2 N/C ’bnvnn mvn nnany 
qyunn bna nn 

lyun bv ’bnvnn mvn nnany bna .4 
ri pnma 300 N/C Hin ’nnpa 
Hin ,iynnnn r 2 pnmai ,iyunnn 
.ri/r 2 vn’n nn Hun .450 N/C 

nnynn nv D’npinn x v* by .5 
q 2 = 5nC i qi = 3nC D”bnvn 
x 2 = - 8cmi xi = 5cm ninipna 

.nnnnna 

.D’aynnn *pyn nn *i”ii .h 
’ bnvnn mvn nnany nn avn .a 
. x = 0 mipaa bipvn 
ynopbH by byiav man nn avn .a 
. x = 0 mipaa 

D’aynn »av D’npinn x nu b y .6 
ninipna qi = q 2 = 3p.C D”bnvn 
nn avn . x 2 = - 3cm i xi = 3cm 
:nimpna ’bnvnn mvn nnany 
.(0,4cm) .h 
.( 0, - 4cm) .a 
.(3cm, 6cm) .a 

lyvna pyo lmg mvnv top wa .7 
mvn nnany nn avn . -24qC 
■pnoa qnnb *mab Dina’v ’bnvnn 

.ynnn ’aab 

’bnvn mva nannn rnnn pv nana .8 
nvn .10 4 N/C innanyi nun laivav 
.2-10' 6 g na’un 
?’b’bv ih ’ai’n na’un pun dhh .h 

.pna 

.na’un pun bna nn avn .a 
iauia ih ivnaa D’anopbH nna .a 
? manna nya ,nanab 

a = 6cm vmybatv ]abn mpnpa .9 
nnyun nyann D’Hsna b = 8cm 


D’ayun quin n» by nana nnvn nv 
,n’Hn hth byn D’namav D”ai’n 
nnnn D’Hsnav D”b’bv Dnyum 

.ii’Hn -nmb 

nmbnnn nivnna uaa”v pun 
bibuna yia> nnvnn ann bab n’pain 
.nbiaaa mnam ’uu’ba 



nan .-nnn ’bnvn mva ya pun .15 
rninan nimvonb nnan 
nip Dy nabnn punn bv ibibun 

.mvn 

di’h mvn nipi punn bibun 

.Dnabnn 


mva nmann ya ’bnvn pun .16 
•pinb ya ia’H punnv mann .’bnvn 

.mvn ip 

D’bia’v D’n’nnn mv nip uuav 
.nr niH’nb D’nnnb 
yia’ ’bnvn punv qab D’nann nnn 
.navn ?’bnvn mva n’bayn nyiana 


trb’vui 

bna),’bnvnn mvn nnany nn avn .1 
q = 5qC ’mipa pun bv .(’yivai 
.punnn 0.2m pnma 

pnma ynupbn by bya’ ma nt’H .2 
?q = 5qC punn 0.2m 


i»’ ,’7oiyn mu nnany :m>n7 \*)pannrø ,-|iynna 1 
7 d 7 pi .lino nu mi ibni nN m mpn Pi ]”x7 

.mupll ’bpn’O 7713 
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jnrvjrø *79x01 


'*79x01 aw-x jn<> 


.O rmp]3 mipn nosly dn 3ipn .x 
amn m e - i q e mysom NU3 .3 
bip insiNn bus nx nbmpn 

.O mipn nnrø’» inupbN 
nmn pnupbNn nsirm dnd .3 
/nun ? nbrm nynp 
ynipnb >b3 Dayua an pbub pia .n 
Dayua ibN by .0-3 mipn by 

? 13110 


na^ny nu 3ipn .q umr D»»nnpj 
Dnbuso n3 mipis ’boipnn mipn 
.pban oiusbrr 

pua Dmsni nnuip Dno* nsiyos .10 
(0.4m, 0.2m) Dlpas qi = +9-10' 9 C 
Dipas q 2 = -3-10' 9 C p>uoi 
mipn nomy t\x 3ipn .(-0.4m,0.2m) 
jnimn nmpJ3 ’bnipnn 

.(0,0) .N 
.(0, 0.2m) .3 
.mim nx sipnbjor .(0, -0.2m) .3 


TTIK nrea ]/V^> 

iiyua, 10" 3 kg man bip muo .14 
13 i>mm ’boipnn mipn .+0.5qC 
a nairs uinn dn nua nnsn Nsni 

a = 30° :|in3 .*i3«b 
?nib bo by jyuan 3iu inn .n 
by D’byiaip ninisn nN uuiip .3 

/msn 

nm mipn na:ny nx sipn .3 
.uins ninman 



npni ,D’Nna anupbN p’ba -piy * .15 
namys nibns mim mpno dn 
noab umain .’poirm ’baipnn mipn 
bsiua uinnip nm .namin jyuabi 
<133 uuiip .T = lOmg ninaia nmpb 
y3pi ,mipn nany nibn3 mim bip 
»nom nman mpnon mit nx 

.Duinin 


puas Doiyu Doup ipbp nns aip* .16 
mipi bN Dnnpp q = 60nC irniN 
lm tuns D’pi D’uins noniipa 
mip Dipas .(nnar D’uinn nua) 


q omr D’mnpa Dayua mpibip .11 
.yisn bip impnpn mpibips D’Nsai 
byio nis nt’N .a ton yisnn ybs *piN 

:M3?a3\p -5q iyua by 
?yunn rsnos .n 
?’ ymmipnp3 .3 

,a ton nipiipan mybsa nnrr bs *pit< .12 
.-q ’b’bip jyua r^aa npnp bs3i 



nipnpon rsias mipn nasiy mo .n 
• imnpn isun ? O 

mipn naany bio nx nus .3 
Dnpas O nnp33 ’baipnn 

:D’N3n 

.min aam puan nu D’pbua .3 
unma ,pbiuip puan mpa3 

.+q pua 

+q D’nvn D”mipi Dayua mp’an .13 
,bi3’y nn bip mpp by D’nna 
n^)pn uim .nra nr uanp n’pnno3 
.nippn rsna Nm O mipim ,R 
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jirvjjo* '»ovn 


+vy<m mv -1 


v. • (i: 

.pnupbNn naian dn aipn .n 
niba pnupban yaa’ inr nna pn .a 

?’annn 

yaanp nya imvnn mnn nn .a 

?mba 

pnupbun ipan munp mana« nna .n 
iinyian ibnna 

n*np Trrø D”paiN mm 1 ? nr in .20 
puma .nbyn mimp n’na ’bmpn 
ji’byn mbaip nnn pn man 
pnnnn .nun pma 10 5 m/s nvrnna 
.2cm ninibn pa 


t 


bip nyrnn bman n« arpn .« 
rmrn ’bnipnn rnipn nnany 
pnua puinan nn’syb onyiD 
.pnnnn nibb 

ny puinan nyian naipna inr nna .a 
■py un .inyian pin nu mipmp 
na ’bnipnn nnipn nmny 
? 'a pyua naip’nip 
punan nuna yann pnr nna pn .a 
nnnn itt Na” ,’bnipnn mipb 

nup im 1 ? ’paiN pina uaaa puma .21 > 
210 3 N/C innaiy bmaip pn« ’bmpn 
mmbn bip naniN .nbyn mim 
n« nnavip D”painm D’b’apnn 
,3cm mmbn pa pnnnn .5cm nnipn 
punan bip mnbnnnn mn’nnm 

.3-10 6 m/s 

by b’yan nnipnip nian nN arpn .« 

.punan 

bma) punan nainn nu a\pn .a 

.(pim 

mipa punan bibun mia »nn .a 
.nam ?pnan ’bnipnn 
pmn punan naiy inr nna pn .n 
?3cm “pip ’paiN 
DNn yapi D’n’Nnn nmip>n yaa 
.ninibn nnaa punan yaa’ 


aana .nbyn mmip vnx rrrø 
1.2° nmr Dnav onnan .nmnnn 
.m = 10' 5 kg nna ba nun .pan Dy 



ba by D’byiaip mman na n”a .n 

.nna 

.E ’bnipnn m\pn nnaiy nu aipn .a 
.D’uina mmnnn ma nu aipn .a 


,niN pina nniann ymn pnupb« .17 
Ninip pnnnn .ma nmpa ,nun ’aba 
.6m Nin 5ps ppna naiy 
nupn nnaiy bip mm nn .« 

?’bnipnn 

mipn nnaiy bma na aian .a 

.’bnipnn 

ninib air pa nmann nnnnpn puna .18 
,mnN ’bnipn nnip Dnavip Dmyu 
yaia mn 2ps mayai pavnn mbnn 
Nin mmbn pa pnnnn .’b’bipn niba 

. 3cm 

nmpn nnaiy bma n« aipn .« 

.mmbn pa ’bnipnn 
? niba punan yaa mvnn iraa .a 
bip n’ua’pn maman nu aipn .a 
.mba yaaip nya punan 
nian ysmp nmayn nu aipn .n 
pa mynna punan by ’bnipnn 

.ninibn 

mbb pnua nniann nnnnpn pnupbn .19 
mnaiyip mna nnip pnb ’b’bip 
.2cm ninibn pa pnnnn .2-10 3 N/C 
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Jirvn^l b^VTl 


n^vn rrrv - h pr? 



nipmnn nvn nu anm .n 
initsa maiaian van pnnpbitn 
.mnibn pan 

pab maiaian vs pa miirn »nn .a 
pan Dnitsa D’mnpbitn mvnn 

»mnibn 

pnupbitn y 3 a» vsnn pmn m»ita .3 
»(invmnpyn Dbynn) *p>na 
na maiaim mn a»am nr»it .i 
bab y»3nb D’inopbitb vyaitb 
?*|t>nn »33 by mipi 

pnp»y by mbyiaia mnvn moanna* .25 
nvnmum "ink jet" in npnrn b\y 
biy mnbnnn nwnna in ma»o 
inn na»u b\a t>imn .20 m/s : 
in nnaiy ma»on prra .1610' 6 m 
»avn prona pint myiw nvn» 
.(D’mnpbitnn pbn nnaitn ma»nn) 
airb nmiy ma»un ,im»yn »mn 
pnbrø n»»pai«i D»b»apn mnib 
mnoin p mmbnn pntsai 1.8cm 
pva .0.25mm-a »npnn pivan 
-’bniynn mama nta mn mnibn 
n*n»n nnaiy naian nia pvaa mva 
nrnna .6-10 4 N/C mnibn pa 

miba n»nn nia»osa inn 2 ma»asit> 

:a\an lg/cm 3 
.na»n ba biy niyon nit .n 
na»ia ban nmn mmnpbit nna .a 
.ni’yun nya 

n»on» »mynian naian nia mtn .3 
naon ?nr mpna »bmann mab 

.•jnaium 


int>n dn rm’xni ,nninn bv roian N’n ma’oxn 2 
.kg/m 3 in g/cm 3 miViipnn n>nn>n> ,no3 rn’na 


utinnn »bniyn mm yi pnapbit .22 
pmnn ,10cm mnibn *pnt .nvita 
nvab mai pnupbitn . 2cm nvvn 
n»nra 2-10 4 N/m mnsiyia vnit 
ppantn pvab n»t>n» 10° na 
biy mspb -pnna ,3’10 6 m/s nwnna 

.»avnn nibn 

F '"" "* —- 

j-llllll 

.pni »pnnpbitn yia> mb nrita .it 
mipin x »pant pmn nt’ita .a 
pmapbitn yia» nvab ntvian 

?niba 

»pantn pnwnn »a»an Dnn .3 
?mba ny»3an nya paiitm 

vnit »bniyn n-rø -pnb bmn puma .23 
,v 0 n»nbnnn mvnnn .nbyn mvaiy 
pvab nnnn 0 mur msv nnvai 
.vo - 1 m p ,e,0,E :D»3im .»pantn 
.piman nynn nit mvrnia nitn .it 
nnaa 3 S»»niy ,y min -b »nva mim .a 
mbyb bnmy »3ab piman tv 

. nvaa 

vbit x »pant pmn nit itoa .3 
y»sn Niniya pmnan pnnnn 
.inv’iy nai3b 

vay x -1 y m in »any nit aian .1 
vo = , 0 = 15°:D»itan D»nmn 

. E = 6-10 5 N/C ,5-10 6 m/s 

mnib 3 it pau> annnb ma3 inupbit .24 
nwnna l = 5cm Danute n»b»apn 
mnibn pa »bniann nvan .2-10 7 m/s 
itsni »mstmttiba ion .10 4 N/C itm 
b^) »3n»n nspnn L = 15cm pnma 

.mnibn 
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jn'Vixyi 'lyw 


’* 7 ^>'em rrrv -1 pn<> 


.(3m,0)-n nsm vim ’rto q x tvom 
mon nnaiv ’rm oh q x uh nsn 
,+x oivai 8N/C (6m,0) nmpia . 

inn *aaai ,a vispn fiin n”3ipb .30 
# .q tvon mmpripn 

raina ’bnrønn mon nnaiv »nn .h 

? nmipn 

dh h!?Hiyn oim mvanna noa .a 
o’oa ranna nmvn nnaiv bro 

.maipn 

m k* 7 mva ]/v^> ji/un 

lem pmna nnonn rmirøn paop'aH .31 

.ponan 

nm paopbnn *7V !aviaiv man nn .h 
? mm>n vna inainn 
- tnop^nn !?iy mvnn nn inn .a 
nainn ,nainn mrø .mrnnn nmv 
.mopi/nPmi nabin 

nnaiv aiivmV onoplaH p’^’i ma .32 
ompi tvon 'aiv »'anrønn nmvn 
. r = 5m nv r =1 m mnni ,q = InC 
.10cm ba D»anv awn 
o’anvn mnna E(r) <tm oomy 
Am < r < 5m 

pmna mon nmnv dh Ei - a tnoi 

qvonnn lm 

?Eri=0.1Ei n”pri pmnnt’Ha .h 
? E r2 = 0.01 Ei D”p r 2 pmn nrna .a 
? "nor" mivn mm pmn nrna a 

.ona 

q = -InC tp’rmpi ooVon ow .33 
xi = lOem mmpna D’viap 

,x 2 = -lOcm-i 
nnaiv aiimn'a onopbn p’^o ma .h 
nvy = -lm-n ymaTiiH'a nmvn 
.lem ba n’anv aivnb w ,y = lm 

y = lm-nmnirøn q = InC tvon 
.10 ,0 kg tvonn non .nnonn 
nainn nn nnoanu? rmnv ma .a 
.y-a mbna tvonn 


,mniy mioa onvnnrøn m^»a noana .26 
nm) .nn’vt inomw pna .niyvnb 
om p’a’biø tvona ooivo pnan 
.»amn ovoniv oi'a’an <pnb o’awna 
n»n fymt> iinn nman nnaiv 

.1.2-10 5 N/C 

man ,naio nia»nn oi^»a nnana . 
bim tnna mm bv 'aviaw »bmynn 
.naian man (nmyv »a) Pma noa 
mm hiv ovon pa on»n nn nan 

.inon^ tnna 

nrnan ."»Voon tvonn" mpi nr Vm] 
»^oon tvonn nan) Dmp ,n»moo»n 
*nn3 mi» minn pm .pnop^Hn 'aw 
nb’ann *m» Dmoon mv .ovon 
'aiv mon brun ovon 'aio nv’m'a 

.[pnop!aHn 


mon^a ,inia ^iv oionn brin »ab .27 
pnop'aH'a ponan pa pmnn ,tn»nn 
pona \m nr Diona .r= 0.5-10' 10 m 
.inn pnop^Hi inn 
a'anwnn nmvn on^iv nn awn .h 
. r pmna n3)V tionano) 

.n’mvn nvona vi 

.innmn dh awn 

pvna 'aiv mrøn nnstv nn aivn o 
.onn 510' lo m pmna nom) 

Hin nwiran bw »monn naonn 

.29 

H3?njn »rrnpi tvon bv bviaiv man .28 
’ooonopPn ’bnv)n miaa 
dh aon .5-10' 12 N Hin ,q = 3nC 
imna bna t’ViJ ^v bva’iv nian 
mn 'anan *aiv mionn naon .Dipn 

. 26 


,nnran n>ivma nsm qi = 8nC tvon .29 
,(5m, 0) -a npmn q 2 = - 12nC tvon 



JWVJX')! > vy<™ 


+iyvr\ nw - s jn$ 


nnip .jyonn nyun 310 mn .1 
in a"nn ,niriNn mw ,nivnn 
.pn3 ? mnN 

ivunn nsiNn bip ,<p3 ooiip .t 
.y Dipn2 nibna 

nwnn tin nNU 2 n\p nnny ns .3 

.y Dipo 2 nibno tvonn 
n>323Nn nu nNiwnip miny ns .2 
.y-2 mbro p>unn b\D rpwpn 
.y - 2 mbm nn’nnn <yi3 n« uinip .n 



J1U1VJ1 


1.47-10 8 N/C .2 .16 

%n 1.125N/C .1 


O. 88 N .3 

1.8-10' 13 N .2 


2.733N/C .2 .17 

3.33 -10‘ 13 C .3 


625.3 N/C .N .18 

fftpt 1 ***f%rr f»«* * **« 1.22 .4 


t 3-10 4 m/s .2 

.nbanip ,3.77-10 3 N/C .2 .5 


3 -10 18 J .3 

6-10‘ l6 N .3 


r 3-10' 18 J .2 

ypVD2 1.3-10 4 N/C M .6 


3.5-10 l4 m/s 2 .N .19 

*y pi’D2 1.3-10 4 N/C .2 


1.07- 10 8 S.2 

61.35° ,5.5-10 6 N/C .3 


3.75-10 6 m/s .3 

0.4 N/C .7 


6.4-10' 18 J .1 

2-10' 12 C .2 .8 


2.6M0 3 N/C.N .20 

1.25-10 7 .3 


4-10 7 s.2 

- .9 


810 - 7 S .3 

.14° .497.9N/C .N .10 


3.2-10‘ l6 N .N .21 

.nbanip 675 N/C .2 

•' "’V.- - 

nbyn 1.9-lO‘Ws 2 .2 

253.13 N/C . 3 


10 ' 8 s .1 

10 kq 2 /a 2 .N .11 


8.73-10' 4 m .2 .22 

9.57kq 2 /a 2 .2 


5.2-10 5 m/s ,2.95 1 0 6 m/s .3 

0 .N .12 


7.95-10‘ 6 m ,5.93-10‘ 5 m .2 .23 

.nbanip, kq/a 2 .2 


5.49-10' 3 m .N .24 

.nbnn\p, 2kq/a 2 .3 


12.38° .2 

.nun 2.41kq/R 2 .n .13 


3.3-10' 2 m .3 

0.011 N .1.15-10' 2 N/C .3 .14 



- .15 
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rivvjxyi 


+i*yvn nw - m p-i$ 
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jirv.iV> 1 'vy<m 




’*7^>vn *7 N’^jvi<> - $ jn<> 



o’p*a :i nr« 


puoi nt wm oi\»)»»di "n»bn\»m n»niH" røiDn rmm npnru mobiy pion 
mm ivon by D»byioi>> mniDn upt>y D*npn pion .nvoHotmopbH rvoiya 
ni3 nirrnp c»nyb ,np»3KDon »*nn»bD iroinniy »od .»DHOtmopbH »bmyn 
rvob nnm pbmynn tiidd .n»n:iH »bip’rn rrmiy nyun ni»;nt> *nnob irn» 
tyoo bw n’bmyn n»bn»»n\DiQ n»ruK vnnb bDU pb ,-iom did Hin /tdidh 
ih ")yt»D m»n»b n»bn»»noio n»njH" -i»*nnb *imH .»baiyn mm H^nin 
byion »bmzmn non dh y»mb »id »bai»>n miy nnny irmnrø »od ,"bH»^ 30 io" 

.pon m»n» by 
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nrvja^i V>vn 




’*7^>VT1 *7K’.X.JV1<> - 5 pi$ 


KU^ w 

nmn nnnyp H’m .narrn Hin 12 Dipm nnbn mim mm *)ia bv mVH’saoian manann 
mipa m’nm »bminn mm Dipm ’i^n Hin Da p^ounn mm ^H’iiDian .Din” mipa 
man mob bp “rni’nn ,miH inrt mom bpv nnnn mni’n minyn ^H’iaDia^ .Dirnm 
ttd 3 pbniynn nnn Himi .D’bH’sauia man .’bDDn “aayni nmpa >n\y pi DVaH’iauia 

.2 pnai ii’Hniy >ai /ioddVii niyaroHi 
nn pinVi nVpD 'anai vniaian nn .bH’saoia amnn nn DDanb Hin nr pna nn>'?2 nannn 
man pi oni&pn mvi .D”Vnnn D’nnrn D’ayDn nanyn 1 ? ,rm »mipa iyon^ imm> 
.»lanunn niiyn amn nain nn imnnb miy ’bnunn miyn nany pi^ D>bH’a*aDian 

+i*ym , 7K’*jvi$i n'xuK $.* 

. „ Gm.m , , , „ kq.q. 

12 b ,n»onnn main nmn F = —V- 2 - »n^iyn mmn pinbi F = , P^iP pmla 

r 2 r 

.nnnn nu Hin »’anwin mm Da ,nnan ma 1 ? nnmiy pnanl pra 

:H»n ir nayu nniynnn 

.»1?ni»nn mm n^nnn n*tanntna manan nnanb nmn ■ 
Dipni k5k >ibOD2 nn'an na»H nmpa >m» pi ^nwi mm q pna iyun nmyn ■ 

.dvdh mipa b\) naipnn nbnnnn mipa 
.Dan N»n ,niao biboni pna p>dd by »Vniynn miyn ysiDiy mnyn nnn noia ■ 

own^røri 

:D’Hin d winn nn pynb m np’anann Dinnn nnim nnam nty>a 

rmiy ■ 
mVKDUDia manan ■ 

■ />. - *%‘ t> * r . 1 ,. .... , v > . . •>; i ' 

mani« - mny Dam ■ 

c. 

,450m nnnaiy nana^j y»an Hin m ‘anyi .nnn nnn ^h nninn nn mnnnn dddd mtfan 
naminn 1 bv ian ^»nnn by iDin vnbrm innian ni nm .ma^ iD”nm /'pht ’nnyy" pyiar 


141 







bfrxjvia -i 


f 


f 

t 

$ 

\ 

4 

/ 


4 


* 

4 


* 

i 

4 



s> 


I 

i 

«cv 




, i 



] 

r 



nnina iabm> nibniøn . 2kg b’nnnn m>n ....n’bpn’an 
?nnn umnb b’nnnn riN naiyb na ø’nnnn by) nysia nmay it>n .k 

?it rrmy biø nbmaa nby nn .a 
?b’nnnn nnnnb naian nia tnn nn a 
nmayn bmaa nby’ nn ,nnn imnn onrø” b’nnnn dk .n 
?nnn nbyna Vmrn ’nypiyniy 

tynna 
.nbn nibK\» mro 

nn”n nwnnniø nnana) nnn nbyna aan ^mn by n’nbnn nmay na nb’nn arøni .n 
, :(nyiap 

an **mn iv vtfni W = F Ax - F Ah = mgh = 2 10 450 = 9000J 
,U n’bnnniaian n’nJMi ’inrøb nnn* b’yan mnbnniø man n’ by nnyyan nmayn .a 

.b’nnnn biy 

:bapi h = 0 nnn ’banb om” nnø’n nnaa dn 
nnn wniVmn^ = m £h = 2 ■ 10 ■ 450 =9000J 
:nn”n nnn umnb miN N\»n mnbnniy nya ,b’nnnn by naian ma nmay a 
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■nrvj^i b^vn 


^VTI bN’XJVT^ - «p -19 


»bniynn nmn miny ,mu>n pvnn ,Ax pmo mpnoi pbniynn miyn nyaipnn yi prøoniyn 

~ :N ’ n l yuan ^ 

^ AW E = F ■ Ax = (Éq x )-Ax = E q x Axcosa 

.prønn yi in pvnn pnb mwn nnmy bip niopnn pn jrurn M>n a niPNn 
noniMn owpn bip ’b’bipn *pvn M>n nvnpj >jiip pi noipo nm n> by nnpyiip minyn 

.DTipn <pyon ii’Mnip >on »n’bM’nioian 

„W A _ B =-(U b -U a )=-AU 

.... ■•■••■'’"- ‘r : IN 

(Éq x )Ax = -(U B -U A ) = U A -U B =-AU 

i 

:niMnn nupoan jim p»onb |n >3 nr >io>nn 
■dmo ’bnipnn mwi pvnn yiip >nvn p>oo nmbn ,»b>bip AU pnvn q x p>onn dm ■ 

/ .minn nmi nbaun nonb nnm - jvbM>*30ia n»ri3M 

f pvn Jim j*”nn nitJpn pim yMin Min pbnwi nmon mmipn q x >nvn iyon dm ■ 

.rvbMonoia noniM pnipn by moi’p noniN nmin pbnipnn mipn 
niopnn pvnn ynu» ’b’bip iyon :niman niMsinn pnvn AU /»b’bip q x jyoon dm ■ 
»b’bip ]yon onnnipo om .ivbN»n 30 ia noniM nmy »bowin n*npn pi»n jim jy»on -v 
.nnji’p n>niM mim ,’bnipnn n-røb *nun pvnn vmid Min pbnipn nrøn 
i yi npain »b’bip p>om /pnib nina bM’moion yi nøaw »nvn pwn »boipn nrøn ■ 

, fr .maj bMOHOiab-poi bM’moian 

-miny oaipnn .A,B nmpin pn q x prønn nny inip bibonn obn u’M AU bip inny ,moMn 
ninp , Btnpnb A tnionn oipoo nmyip ,<p3 by nnpyin nbbinn minynip tvyiv hm noniM 

vab ibip rvwpn noniMn oi’ipb 

^A-kB = k = E k s ~ EkA /•' 

- :bnpnn ninnpn niMiiipnm nt nwn <pmn 

" U A E U = U B + E kB 

.onnipo Mb mnin mynn ,-nian nrøn m D\p”b ubinnnip noniMn nnnp pin im 

."n’b’bi» non” i’N »d .np’jsni no’Nno nb’apa i’N tvun 1 ? 1 
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jwvjx^i 


'inerti? -* jn<> 


nyunau) xbx ,d’ovt m^ipnøn ,-ppnna .npuana rrnbrø nrøinn ny mm nm*p pa ty 
. pon m>n»b npUKl? ih nnayb omuin 1 ? aina Pmun miaa Duyun 
.•. :Han nu’un n» *?y houo nr bro ,vnx nnøm» mpna 



1x 


ysa!> uia>n tnu inau) miayn nn nuau ’^niyn mu>a V B -V A DpH’smian unan ■ 
vrfrn'? nnvra ,Pnumn rrrøn *rua ,B-^ Anmpjn iviyn'? na »avn pun mnv 'py 
.laian ma nua ,B mn urnn 1 ? A mn mnnnn ^»n*mn nn xmv 

innmana nnuian ir rmay 

<3wnBVjJ^A-*B — B — ^ 4 ) 

opHUttuian unan tn»t> n> byi q punn Vip un»t> n> by yapi miayn Vip najVnn p’t>n 
,mva nanpn it mipi man .B mipiV A mipjnn nayin piann ,nnan nVaua .(Vb-V a ) 


:vnaj p Vy ,f’nya nuan >h yunV mupy wm 


,A mipn inyun nn V»nnu ponn 

.B mipia nmn trnpm 

miayn jmo 

tnu ysanip 

ponn Vy oi*’n 

ponn in»o 

q nayinn 

ipnan p’o 

n’VNnuoian 

Vb-Va 

HTOn ]1VD V] >ivn ]yxm 

+ 

+ 

+ 

mipn ymaa yi ’avn pon 

- 

+ 

- 

mipn pva to yi P’Vip pon 

- 

- 

+ 

mon pvaa yj ’V’Vip pon 

+ 

- 

- 


tmpnn pV ,’Voipnn mipn Tua miay yaan uismn mun ,’Vnipn mipa pun mayna 

:nan iippn 

xv- —JV 

D'^ovrT/fimD'' wrroivt ww 
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jirvjX9i b^vn 


’b^VTl bM’*JVl$-» p*i$ 


,tyun nm’b n”bnipnn niman miav aiip»n nu maa .*r»n« ’bnipn mip -minn 4 maa 

:o»Knn nnpna ’bnivn pon mavna 
.B - b A mipann aaym paonn .s 
.C - b A rmpann aayin pnnn .2 



nnip n’bibonn ’aipa ’bnipnn mipn miay :4 n’N 

:Nin q x pun !?v n”bnipnn rnman bip miayn nu noann nman 

A W E = F Ax - (Éq x ) Ax - E q x ■ Ax • cos a 

:]yun mnrb ’h mpn nay nr ’imaa a»sa .h 


= E Ax = V B -V A 


:tyian nrn’b 'a mpn tin miayn ’imaa a»ara nny .a 

7 p 

-^^- = É Ax = — Ax = É Ax = E Ax cosa = V c -V A 


:bapnn niNinpnn ’nipn 


v b -v a =v c -v a ^v c =v b 


wn D”bnipnn ninian miay ,C 1 B nmpan n» by mainn ipn piNb ya prøn dn ,mpynb 
ip"Kin BC ipnip iron ,nnr bmaraman pin nvnpaa niNarna B-iC nmpan >nip .don 
ip by mipa baa in’aaaiaiu nana naia ip bip mpona nr lp bip mpan ."bN’nama nnip 
nirø nuipn" nr n>n» nn’n nbn nmna .n’bN’sauia mama nm« pna *pab ,naian 
pb ,nnr naia ta’n >aa by mipa bab ."bN’nama nnip norø" nn ta»n >aa ,bipnb ."bmaaima 
manpn .bN’arama niiip ipb in .bmarnna nnip noipnb .nana naia ip min by nn’ D’n >aa 
pnn nu a’mai ,nbN nnana panoa nny nyb .’bnipn mipa pun nyian niN’na nann 

.paan ppnna nr mpiaa 
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jwvjx*)i 


+vy<n\ 'mvovp - s pnj> 


v*ni -]nvp*w nmi jvptpi ,ir , w< , *jvi$n xn^n jimir s.m 

iinmanrø nbiiri «»n SI nonoa D^Nnrauian rønan nnnv 

: K’mr n*pn» niynrøn' (u^n i) 1 Volt = — 

IC 

^>rø pnan raynV na 1J brø miav nw) bh ,1V »in nnip] *nrø pa nP>Nnniyian rønan 

.nbN nrnpa mrø pa IC 

nnnaNa nanøb pnrø ’aa nppn>a niynrøn rø’ taVaNnunia rønanb pnrø airø rønna 
na’N it nvna in ,ninia ^rø oPnp’rø ’ab nnam mn”n nmpa .niynrøn rø’ n^N’aaoian 

.nnip] mrø pa n^N^auian rønan 'ay ny>arøn 
bayna maiv> nimpa pa pb ,Paynn ’D’bma ’bnrøn mio msv n'pbiBn Pnrønn bayna :myn 
! .D’bNnuoia’rønan D»n”p 

ti\ v*ni - ]nvp*?Kn 

Vrø ’muNn naana nnirøpn D’Nrøiaai mmoN npn’aa nnvna n’rømno nnnaN rmv 
N’n leV :Nan piNa nnnain N’ni ,"eV" namna .Dbii-paup^N nNnpa it nn>n> .nnmnn 
rønan pia nimpa »nrø pa ya Nin nrøNa ,p\nnaV in .pnopbN 1 ? npayinn nnnaNn 

.IV Nin DPN’^aman 

mtab ixna ,e = 1.6-10‘ 19 C pnopPNn p>oo pym ,1V = 1J/1C .rødvin nmn> t>rø nnnannn 

: J -n m’n’P ,eV-n nmn> pa nrøpn hn 
leV = (1.6-10' 19 C)-(1V) = 1.610‘ 19 J 

pnnpbNn pon pyi .Dnabna Niaian nnnn py Nin nnnaNn py ,ir nvrn» nrø’røa ,nrøynb 
nnonarø nnnaNn ,7V nnna yNin pnopbN dn .nmn 1 ? .nnN nmn> Nin pmnan in 
pnrøppN ^rø in puma !?rø nnniNn airø’n ,ir nnama niNnP pinrø’aa .7eV N’n pnopPN 1 ? 

.yim D’bNnmaian rønan ]na pbnrøn nnrøa ,nimpa >nrø pa i*Nin nn dn nnvna bp 
.røVn nnnn nmn> pa 1 ? na>a baPa 1 ? n 1 ? nnvnb røn ,nnnaN nnnv Nin ubn-pnnpbNnrø rønna 



jirvj* 9 » 'vytm 


'‘m'Cm 'woiuviv-t jn< 



.E = 2-10 4 N/C mnmyrø ,mm< ’^nrøn mrøa nnnan A mipia Yimrøn prøna 
ponan nrøa .E mrøn pi>aa B-t? A mipm 0.4m pmo mpnn punan 

. q p = 1.6-10’ 19 C uvorn ,1.67-10‘ 27 kg 


7’nN mrø nyarøna vi mm prøn :5 h>n 


-ø. 4 m- 


b" 


' . B-i A pa o’lwmtfian rønan dn arøn .n 

AV = V B -V A - -E d = -(2-10 4 —)■ (0.4m) = -8-10 3 — = -8-10 3 Volt 

C C 


.B - i A - d inyuna poinan 'irø n^wairøian nuniNa ni’røn nu arøn .a 
.obu-pnop^N nirn’ii biN'i nmma inairøn Krøa 
AU = AV • q p = (-8 • 10 3 Volt)(1.6 • lO" 19 C) = -1.28 • 10 15 J 

:bapnn obn pirøp^N nvrn’a 
AU=AVq=-%\tfV\e = -%\tfeV 

iv nPwairøian namanrø p»an pnnan niNaina >^røn naiban fn’røn 
by nmi’p n»niN 1212 Nin pbi ,yNin poinan .mrøpi nabm ponan 

.n’bNmuia n»niH parøn 

pbnrønn mrøa 0.4m nayrø nnx ponan nnma nu arøn .i 
:n’niNn nin’rø pin nu Drøm pb nia Nin ’bnrønn man 
AE k + AU = 0 


AE k + AU = (-1.67 ■ 10 27 kgv B 2 -0) + (-1.28 10 15 J) = 0 
2 
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jirv3X»>i 


’Vovn 'in.'xivty - 9 p-i$ 




rtsmyu mrnb sir pi n-røn nnsny irøm 
.iiman b\» -mn 1 ? Dnnno mnn mmb sir pi ’brønn nrøn nnsny nK røn 

.d = 0.5cm mmbn pa pnmm ,12V nrønn »pnn nnn 


,..r > „..‘Sir , • j^n«, 

.>b>b\yn nibn "sk ’ismn nibnn ’brønn nrøn b\ø isii’D 
.*rmK ism bipn mm 1 ? pi ’brrønn nrøn ,tiiti 
o’bK’ssoian rønana Km mmbn pa D’bK’ssman \2nan 

.12V *-mnn »pin pi 
:K’n ’brønn nrøn nnsny -p’ab 

E = — = = 2.4- lO-’K/m = 2.4*1© S 7V/C 

d 0.005/« 



pi nrøn :6 m’K 
mb’ipn mm 1 ? 


:N/C mm’*? nbipw V/m mw nnns 

V JJC_ Nm N 
m m Cm C 


.Kin *pyoa nbK mim* myrøna pib -mns 
.N/C n*mvb nbipiy »birønn nrøn nnsny may V/m-n mm* ■ 
msrpn pim p»aon d’ksos ny bi .rnnK mrnbn pi nrøma rnsnb in*j ■ 
.mmbn nnnb nmn* pip d pmnnu> nnsmi mmbn 






jirvjxo* V»>vn 


^vn *wrwv^-» tt»9 


■yft'xnn^n vifrru 

\pnan pib ’bnipnn nmpn nmiv pn uppn nN Niannn mna mpn N»n mnnNn nmrrn 
, x vs pran mnai ,T>n« rnnpnip nmnn nnr ’bba unnn nr uppn pn .D’bNnuuian 


AV 

Nnpi Nim ,pi« m>n>b D>bN>2nvi3n ipnan ’ipip nN ,n\yynb ,Niann — mrnn 

Aa: 

."bNnmnan bip 2 uiNHmn" 
AV 

nnip Nim ,* pnan »bnipnn D>bNn»iaian unon bip laiNnmn t>inn Nin-»imnn 

Ax 


AV 

nnabNn imon ,E = -pb ,Ax tnnnn ’boipnn nmpn bip nysmnn nmiyb ibman 

A.v 

.■pmb nna bNnmnan - ’boipnn nmpn pva nrnrm van ’b’bipn 
nimp nip iNni ’boipnn nmpn nmiy pnb irn uppm bNnmnan iMNma rpin nipnnnb 

.n’Nn iNinna ,nrn> onnan nnmN 


+ 


+ 


tmv 


aoor 


6 MV 


mw 


900 V 


8 MV 


E 2 /E, = 2 Nin nmpn mmiy om .nmnN nimp nip m’Nn : 7 h>n 


£, =100 


V 


E 2 = 200 


m 
V_ 

\ m / 

.m>2 ban 100F*n bNnmnan ni» ,1 m - bip Dnysn Ej inmiyip nmpn nrm nimpnn *pn 
nmyb .'iai 700F ,800F ,900F ,1000F D’anyn ,bipnb ,vbyi ,\ab\i> ipnai man ban ,*imba 
ban 200F-n bNnnman nr ,1 m bip nnysn E 2 inmiyip nmpn ,nrm nimpnn -pn nm 
.100F-n ]op» bNnnoianip na 0.5 m pn mpnnb ip» nr nmpn in ,m>* 


.nnnn nj’iy »ion nid yia’isn .yianr imynrøn Uimu ” 2 







jrtrørø 


'jH'xyrty - $ pi<> 


>mv om onpna rrrøn nnaiv *w yainnn *pyn nu iivnb uvann E = - 


AV 

Ax 


’io’in 


!?i>> nnv nr nnv ,i>n« mivniv mpm .o’viv X2 oipm V 2 -i, xi oipm V t brvajoifin 

.’!miynn mivn nnaiv 

mibi ,mivn nnaiv ^10 »mpnn -pvn na nvn 1 ? uvorin nivan ,Ax 0 numi 


'Bipa ^ A.V—»o lim ^ 

:'*7 I 7D wvp VJff'rUtfl 

', .Dipni nibni onon nviv iap inivnivn oiNnn:i ,^ii 

*7111 ,mn Viv inna x *va tun 1 ? nimpnnn mbm h mim nm» aaprø nnm mi *pnnn 

nm^i ,B prim ii>mn A pnna mv 


jrc, 




Grad A (h)> Grad B (h) 




AV 

Ax ly 


^ Ah^ 

k Ax 2J 


:nmn mv mim nmnnn mmi 


rrvuKm *vwnvp*w rma 'jmpj jyv^ ’re "mvrjvi^n 5.$ 
trvmpj irj/v^ xn *tv jr'm 1 *jvi^n 

.♦mipi ivnn n» bv ounv ’bnivnn n*røa pn nnv .mnm wnaiviv mivb uom’nn ni *tv 
iviabw *ivni .nnnn n^n n^rni - nnm nnon’o 'pvi ’bnivn miv nav ’mipi q ivon 
♦mipi ivun ^ ’bnivnn mwn nipn ,p’ion maa n’tm’ri - nnm nnon’o mmnn 

.(nnn-n iwn) 
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jrr9svyt*iym ! 


'jK'xrrv -1 jnj> 



:n’bban rrmnb maa ,V B -V a D’bNnnnian unon nu aiynb na 
V B -V A =-É Ar 

•piNn nuiynn ’D .bN’saoia mw noian wn -a mama ,B mipn maiyui nnna naovn 
nnpi ,n na>on .m>a*<nn nanynn *piNb rvnan mnyi iyonn bia ’bniann mian mpb 
ian naponn .V B ' = V B nn»pn (naoynn Tinn bavn inin <im -rny’n) baynn by B' >niaba 
mamn rvmyb nn\y ’bniann mm B - b A nnpan iyun mnynb myvnn rvmynia k»d 

.(10 ii’N3 2 -i i D’bibnn) B' - b A nrnpan pi prønn nnynb 




:>io’in n» by ’bniann rvron nnany 


.. AF - 
Ar 
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jirvn^i " 


*m’2jvp - » jn> 


mpna) ninnnn nmiDan iy buuj’N ysaj ,AV D’^Nunuian Dian -py riN manb na id 1 ? 

:(^n"uoj’n paiyn mtya mipn miay n« aiyn 1 ? w> pb /tuin u>n mian nr 








mi»n muv Jiiyniyn w> cmn pvaa nipmnnb piD p’on 1 ? ]nn p-irmn aiD’nn iminn 
:ii nma ,r - i nPna n*n>>n nnmy nN iNnnn <pab nnnn imonn nuian n» ^y rmvn 



»^Diann n*røa V b -Va o^NUMUian i>nan dn pnn <pj'? nnnn nwn :ii ti>n 

nrnyn dn nnuan dj it nvna ./•-> oo dn V -► 0 -d p Din” nnpj *nnaV nu 
nomiy nra m und o’pnnn onyun ud pa (’^nDnn nian) nPrnann n»spmDJ’NnD 
poni ,dd«dd HNiiDna prnan nan<n ,fpDJ’Na A mipjn dn ,njnn«n nmiDna .don 1 ? 

:unn r pnma q uvnpj prøn 'pd ^Nuuuiab nu’an dn ^apj 



r 


junu ,q pronnn r pn-m 1 ? 'pDjmn q x pon N’an 1 ? na nurn trm n» Vv nysannn n*nayn 

W = V q x = k^-^~ uunn n>^y 

r 

tawa ,pb ,q x i q ouyunn naayn *?w U nPNnjuian nuunn m a*”n panan uu»an 

:did*u ,r Dnu’a pmnnD ouyun udV fin 

£7 = *^ 

r 

.puon aay ia ^Pona n’Pn nj’N ,q x ponnn r pmn 1 ? <pDi’ND q 2 punn nnan ,purø >aa 
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b?vn 'iK'xrrty - f 70$ 

qi Dnyunn dh .n’ronn nnno pin nn Dio”b mioaHn rvbHnmnan mnanb nu’in nyn> 

.iabn D”bnion ninia nyaiona n>y) q 2 -1 

. :nio:nnb nmpj 

q jyiann brun nbn ,’bnionn mion jih navn »rmpj q iyian bio bH’aainan py ■ 

/rabaiannr pnnoai 

.qiorna V= 0 unin »btraitnan niy V = — »nann nn uso’hio ya*m ■ 

r 

.bHnmnfl mno nwn Hin .tyonn iramio r tnm bya »jvot nrra nui»n ba * 



bayn Hin ’mipi pnan n>ao bH’wian mno ip bio nnn-n nH’n ,<pn monaa ■ 

.r tnma 

nnaiy mpb isna ’bmon pnan nttna o .bHntnaia mno nxnonb ijiho mio ip ba ■ 
.muy yaan wh ’bnionn nian (hnnmaia mno niaion pinb miba) ,mion 
naabnn tnaun Hin .inioba Dipna n»»mipa nnyian *mv ih D”no bio bnnmnan ■ 

.mipi nnina mayonnn inn ba bio o>bH>Miaian bio 
mno nm nr r prnna onrcnan q 2 1 qi tmyian »110 bio U mbH>2ttiaian mnann ■ 
qiwnn nyiap nmnna omn H»anb na omby yan »ai**n ouno miayb nbnaa 

.nro nr r pmna omn a’anbi 
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jwviy>i b^vn 


+pym 


3 K^xrr 

nnna tmiwpn E .R .Rutherford biø ibinna D”itn nnn? nysia 1911 mm 
□’p’pbnn b\y dtit’o pwni .nniip marin a ’p’pbni "irnan" nnpinn .mwn 
p-r anr nby nn»n nnainrø "nnunn" nmr ,inm pa .naa py*n Diwbry ipmn 

.TIKO 

lanpnn a-n ’p’pbn .»mipi pona ia»i>>nnb nyam ,D»iiona 79 mm py-nb 

•inyiin nnm nu imøi pnrn py-nb 

.~ #««::—r.::— N +) 

1 a / 

As 

Tf?* ■■■ •> r- ■ ■ ;>**•• • *.* 

pva nirøni ,anr muNb anpnn a p»pbn :i 2 -n»N 

:n»yan mm 

.+2e nyiani 6.68-10‘ 27 kg intan, v = 1.6-10 7 m/s a p’pbn nn»nn 
.+79e anrn py-n pon pb ,79 am (Au iiin»t>) anrn biø »murm naonn 
.a p’pbn anpn» vbN r min nyrnn pman nrr 4 n»mN »bip’iøn Nsn .n 

.nr pmna anrn py-n bN’smia dn a\yn .a 

:p-mo 

n»niNn pb ,anrn py-nb n»t>n» ‘ptn’to a-n p’pbn nsni nb’nna .n 
p’pbnmy mNb .nar* N»n p’pbnni anrn py-n nanynn bu> mbunnoian 
nmiNn nr pmna p by ,pi»a miyn Nin ,r min nyrnn pmnb aipnn 
:D”pnn pb .(nnaNiin nivnnn) natr N»n nnai’pn 

U\ + E K l — U 1 + E K 2 


kq Au _ . »* a v 2 „ 


-^q a +^r 

r l 2 


9a +0 


2k qAu<la 2k(79e)(2e) 


m aK 


m a V l 


2-9 • 707 79 • 7.6 • 10~ n )(2 • /.tf • ifl /y j 
6.68 10' 27 (1.6 10 7 ) 2 


4.26 10 I4 m 


nt abtøa aamn ,tni’ p’vtn aito’n ;pyun ny’mm D”nit>n’ n’bip’tyn ,antn uvnapbNn nbvru nt arø’na “ 

.■nn’bn b\p 
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'vytm 


+py<n\ 'jK'xrrty - 












:pnno 

bon D’ynin tj>bN’ 2 m>iDn b\>> mabNn oi3t>n nid N rvnpja bNnmnon .h 

:D»3yuon wn inN 

,.„ V„A + *3L = k{l L+& 

r . r 2 yr, r 2 ) { 

:b3p3i myunn >3iy n«i r 2 = 5/w -i /*/ = 4/w 3>si 


V., =910 


JV-/w z 


-2-10 _6 C 8-10~ 6 C^ 
+ ■ 


4m 


5 m 


= 9.9-10 3 Volt 


^ T//# +JHI j 

<pt»»Nn q 3 prønn nasnb y*3b in* ’JUt'n tniarø rrmyn rm 3\pro nny .3 

:N mipjb 

w W = V N -q 3 = (9.9 • 10 3 F)(3-lO^C) = 2.97-10 -2 / 

:N mipab q 4 ’b’bw pun ntnnb n»mn rrmyn na 3 \øn 3 .3 

fV = V N -q 4 = (9.9 • 10 3 V) (-3 • 10^ C) = -2.97 10 2 J 

n>bNnnwfl n’3i3K D’jyvnn nsnynb .>b>brøn nmyn ]nn?b 3b D’røb »irn 
pnann .ny*b\yn iy\?nn qm D*it>3 .D’ayuon w nsnyob iwn nnv mup 
prønn m< mb3b -ps n»n »aramn oiian pb ,»3vnn punn b« -prrn ’b’brøn 

jrø nn’nn3 yw mnip m ’b’brøn 








jirvjv>i ‘r^vn 


'i'ym *th'x jvi$ -1 jn$ 


ir'jnipj w *yv jiaiy^a frøftiK '‘nifv 5 n *yxn 

Tvin!? Vi p’p^rin .nniiOQ A mipja nrmøn 2g irrøni ,q x * 5nC uwnw p>p^n 
nia!> on”nn ,nr Vnm .ta^a qri qi tnyunn nvarøna B nnp3 1110 !? -irø> ip 

. 5 ia!n »^mmn 


—5cm— ►!*—- 5 ciu •>!• 5 cm *! 


q r 5 nc 


B q 2 = - 5 nC 


oovunn nanyn :14 *ivn 


iB nnpja p»p!?nn <)bin nwnn irnn 

:inna 

:D”pnn nvniNn nn’rø pin .nuoia p-ma nb’nn Yinai 

U A + EkA — U B + E kB 

1 2 

V A ’9x + 0 = ’9x + ~ mV B 

2 

2_ 2qJV A -V ± l 

V B ~ 


:V * kq /r -nypn ’a!? V B *1 V A n« arøro 


Va= \ 9 ' 10 C 7 


N m 2 | | 5 10~ 9 C i -5 1(T 9 C 


0.05 m 


= 450 Volt 




450 Volt 









1 7K , 2ijvi<> - 5 pi<> 


r 




n = 


V A -V B = 450V - (-450V) = 900 Volt 
(2-5-10~ 9 C)(900F) 


2 10 3 kg 


= 4.5-10 “ 3 (m/s) 2 


v b = 6.71 -10 ml s = 6.71cw / s 

aana Nb »a ,ind D’Nnn i3»N nnainn nvunrpn mmiiynn niysnNi |nna .-myn 

irman niyy nyuna i^a 


„,,' r navnn - Vioxivi$ nuv nw^ 5.7 

ia-nt<b nripi babrø mrøn mn t3»bN»*30ia rm\p noipn ,nimo .nr anpn mvo ounai a»m3 
numa mnipn n3»N D»3yun na-iyn b\p n»bN»3nuian n»3n3Nn ,rmnN D»b»na .bN’inuia imx 

.bN»3noia rmu> noian by y3 »brrcm iyun 
(bina yasa) bN»3*3Dia »nip t3»np nn\p ,bN»3ttwa * 111 !) dtod bip D»ann D’onson o»*n»Na 
rrron »npb D’aiwn bN»3*3iaia niv? tmip ,anp ip»n3 .t3»»rrnp3 D»3ynn bip »bnipn mip »npi 

.n*np3 baa »bnipnn 



nnip bn»3m>ia »bya n»niaipna D»anm mn) »rip :is ti»k 
. bN»3J3uia nnip niaipn nid .»wiaiariupbN bpipn »n»ipa Nsmn -|»bin ba bip i»3a 

:1t H3yU p033 

vn» D373H i»binn »33 by D»3yonnip »aa .nnnna i»3yunip »ann ]yiana pyia -|»bm n»33 
♦Tbinn »3ab Dipa baa na3iND m»nb na»»n i»^i»n naip by »boipnn rmpn nasiy .nnnoa 
,1’bian naipb »p»ipa a»an n»n» »baipnn mipn namy niapiib dn :nb»bipn *paa tint n»a33 
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jivvjxo* 'vym 


* ryv ti *7N , ^jvi<> 


f 

r 

/* 

r 

i. 

Y 

f' 

*■ 

A 

}. 

r 

i. 

/ 

i 



r 

/■ 


i- 





T^inn nai» db by nr am pvaa iskv NbN .nnuna insd” Nb D’jyiann ,a - 16 nvNa ina 
m\yn ’iip dn pn in D”pnn ’UNDonopbN bpiyo *nw ]Nan .Dby” b’apnn amnia ny 
.nniy i’binn dd by mip3 ba biy bN’aioian noiba .i 1 ? nm>: ’bniynn 



n 3 '*n^>i nn/v jnna 'tv ’wt'jtjviyn 5.$ 

n-røn nip pbi ,bN’ 2 Jiaia mrø nwa dd .nnuna vjyianip pbin ’iaiy irønn mipn pyua 
,q ivuoa nnyo R oima na’bin nnvra na’bp ws mpna ina:) .-pbinn »20b D’aiiNO 
in ,”riNa biø "mpn ♦bi* ’iD’in .ib nainni -pbinn Tina bN’aioian nunann nN jnan 
:oon Nin na’bpn Tina ,m ’iana mpna ,-pbinn Tina ’bniynn miyn py\y innb 01NJ pinn 

E = 0 

Tina (nyiap nivnna) tynn rnnb na nnay yyab -pis 1’« Tbinn Tina »a yan ir mynn 
yinn bN’anaian dn ,’rø isn .nnr na’bpn amn baa bN’siuian miba .nnynn no’bpn 

:D”pn nnnan na’bpb 


* j, kq 
yinn v — — 
r 


:Nin na’bpn na by bN’yjuian py 


no^pn ^y 


v = 


*4_ 

R 



bK’2»uiam> pnanb jrv: nt bipnøD .irama nrm rrnpn uron ba tan ib’Na jmnn nnna na’bp b\ø muin 6 

.na’bpn ranoa tan ivunn ib’to anjnn mn p na’bnb vinn 
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:Nin rm nm dpdj .-pPinn *pna Dipn ban iany dj nid Pnpjdidd Pip m py 



nnyu na’PpP yinni Tina pNnuDian py :i7 tpn 

i 

T *ny> ]/v^ ji^’Vti do'Yio ]'al/v^n jnx'røjin 5.? 

P\y mapoa nniNn ,nnnun nmP navn jyun iP D’anami ,manna *ppin D’jyiu dn 
.tiini nranni ,*pPinnD "yma" pmnn ,nr asnn nnanna .mana jmnnP pman pPinn 
nanpa ’Pniynn nnipn nnmy møND rnprnnn tiinP np’Pinn pmnn nsnaiy mann 
aannm mnPnn yaiyin nr -py ,3-10 6 N/C =30kV/m ■ a Pip mnp pyp y’jn D>a>Pmn 

.miiNn 

nnany .D’jjya nansn an pumpa :pnan nmivnP Dnonn Dnn panP pin na ny ninrrn in 
yma tni p’PmP pin pyn a>an miiNn iaiy nanpn pyp nynn pyn nanpa ’Pniynn nmyn 
D’a’Pin niyp yiNn nna- py :nanynn nN mnnP inn .nyonn pyn nN pmai ,pnnn 
py pa dj pr ,’iiyp nnN mPn pmnn yma niniPn pa D’ipn nnnP nayn . 7 Pap nnsvn 

.ynNn nnap naiyr ,pnann pya naoatnn pmnn - yntrP pyu 

"’aiDJ’N" D’iyun nipna ynNn nna 
pmn nauin ,ir nanan .niNn D’an D”Pniyn D’iynn P’an ,iPnna Disy ini’n apy ynNn nna 
on .vjyon nN n’myniyn nmna nnyn nj’N ,nnN t^P onn jyon nnayn in ynNn nnap 
T’Pinn pN’snnai ,nnnnn Pn <pin ly^n Pa may» ,niyynP ,nnnNn Pn ppm tj Dnann 
pN’sioia .(D’pN’anoia pnny nsiny ny ,DipnP oipnn naiy prøn ’a) onny vn> nnnnm 
Pn’sjoid nj\y mponn nN p’oj pp ,oaN nid inyonn (poiPnP oyna) ipnnniy pPinn 
d’nsdjd D’auP mnn in tPn lyon nnaynn nNsina mmyn u’N Nim ,oaN nnnNn 


.Nan pnaa nannna Papn Niona pn 7 


jirvjv>i 'vytm 


'jK'xjvr? - 


nann |n ."npnNn" Nnpi nniNb f)ia mm .(mon Daop man ’\yyo piNi nniy) nmipa 

.ODN Nin pINIO <113 *70 bNOnOIDTl :V313 
>3nb bim Nino ivonn mna ’ub nimon \m ^ noniNon rmob mo .runa ny 
omnn nD’b-rn ,ooa tvoo no’bi nomnni ,nnoam mbn mis -pbiob dn ,mpn bon 
."DHinn opDN" DNipj ir nyoin .-|>bian bo inv onnn a’pbnno 

•loann 6 'oa naam tint tpru 



nrvj^’ b^vn 




D’3'*n^> w ]'3 m j yvy\ * n^xrr 

by n’nnn nm ru aa pmna Dnomin , r 2 i r 2 Dnunmiy Dn’bin onna dip 

nr asna .nnunna q 2 -i qi D”avn D’jyDna DDiyu onnan .dhtqo DDpnn 

.pi pbm b’na Dnnan nu Dnann 


y 


t 



D’bu’siDia pnnyumui iy pbmb pbinoDnaiy DDyiann :18 ivu 


.pbm b”na mia»n inub .Dnnan ’3D by D’iyimn on> nu uua .u i 
namrm yaiyin ub ’baiynn pmnn ba td\» minb ban qyvmn *im’i>> pin ino by 

.pbmn 

:niunb bau /namiy nnu Dnnan »ipdd nu q 2 -iqi intn du 
q 1 +q 1 =q[+q ' 2 

nyu ry innynb *rnu *man my ’bniyn iyon ,pbma Dnainn Dnnan -i\yua 
pa DDyoon nayn npoanb nonn inr .Dnnan pa V D’bunnuia pniu> *um w 

:pb ,Dnnan f 

~ f= M = M i 

r - r > 

aiynb niyau Dn’ab D’bipnyn nu nus’m nimnun niummn ’niy 
.naima o>a»bm »au> pa prønn nubann nu 
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r 'b^vn bfrøjvty -1 



tit r 2 - .. , 4 

ponn mna ,rrnnK D’b’na in .o’oi’rin on’a Nin ooyonn om miba 

.“l’binn ovnb noiomono 


min\y nnNb ,onnan oab ^no ’bmpnn m\yn mnsiy on’ nu noa .a 
.nn^nna E 2 - 1 E '/ onamon nnnan oa b\y nmpn ok ]oo 3 .onma 
I :K’n onnan oa by nrrøn nnsiy 

P' _ k tix 

r. 


:Nin nvrøn nmmy on’ ,norman o”io’am ooyoon on’ by •panona 



.na’aob *pbi’ iyon dn pbi ,mi’ nbru ]opn man a’ao nmn nn^iy\y indo 

•lopn mann b’nnn na’bm 
b’nnn pon na’bn .nnomo ’nba nnoniao nm pyo pbinb dk :nbbanai 
8 "0’nnn opaa" D’nyb nanpj nyainn p by ,i’bmn b\y mi’ D’-rnn D’pbnnn 


i 



■mi’ pp nvoiopyn ovn /mi’ in <iuno boa .onon nvaiopy om bya noona m nu ua mm!) jno * 

.nnn naipa 
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jn’vjv>i 'vy<m 


’hyvrt 'iK'xrrtf - «jn* 


'pnian Nini» >amn pnann inn .lem Nin papn -man oim ontin mpna .a 

?bn>n!? 

nvn 1 ? bia’ tun f)pin Nin hønd ,-inan a>ao n-røn nnsny pyip maiyn iv innw 

.na’ao 1 ? <pbr pnann mnN , 3 - 10 6 N/C mim ^ 

F *?-. > M'Nm' I C^ m „ 

"" r‘ (0.01 mf 

q max = 33.33 1(T 9 C = 33.33 nC 

1 


= 3 10 6 /V/C 


K"j\ ,'fvy -pj’rfr \y\y .y-r^n ,i\nv -rj -vy ajia irp-u 

•rø Drø’nnn mrøa p^pna pn'm n» 'ay njrøN-i 1 ? ^urnD DWin niaiia 'au* ’^rrønn ’aiNn 
>m nnan 1 ? -p^io \aina irøp mn pa’ayn .myo tay iin ^n pa>ay tmamy nya is-n nNnn 
nN*b Vann nnann m?poiy niNnl? mim p'apna pN’miaia mrø n tod ,n\>>yn!a ,nivn\y p 
'pap »anamna pin imrya pyia'a rn^n <in Nim ,pyn nay^ maan pa’ayniøa nimn 
my trø pnnnn Dpbn >a nNin pbpna .nnannn p-iarø pnann mrya .("p’P nimro 

jyiana pyia mytan 

ninna namaiy miNn nPianyn nmy-m niait> my nmivn nya pN »a npnv idn nna 
pyn biy imnnn ipbna ’^Pip pian nnaiasnb nnna bba -p-rai (aivnp) tmyun nmanb 
»bKrøn (niaN*m) Vainn ^nd naion py 1 ? on»nn^ p’ab pi’i , p’byn ipbna »avn pnani 
y’an'a bia> pyn -pna i'a'an pnann mann inN !?a .(Nmvr'a pNm-m-iNi 'a'ainn'a nnna) 
Tina ’^niynn n-røn Via ,np-rai mabin pyn -pna Dnyunn maniø baa .nnPip nrrøyb 
n”p mna i>iin arna P>aN o -ianun .nmN'a pyn pai mN py 1 ? mN py i’a ,pyn 
non ’aba uivai ,(V/m) man 1 ? ia!ni 150 a biy nnuiya Pniyn miy ypnp 1 ? imna matnnoNa 
m inr .(maonvn pa 1 ? ynNn nna ’ia pa \abn ’a!7N niNn nna ix) D’^N^naia unan inm) 
pian ’D^aiNn miyn pva py^ nnnn in .D’nynn main py pna ’D»aiNn mipn pva 

.(kV/m) manb la 1 ?!! ’a'pN ’D”aiNn ibain 
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nrvj^i 'vyur\ 


Pn’*jvi<> - 5 piy 


i 

i 


ran mPipPinP tanuyp D’aiaupPNn - nu aaian kid aninn ,unup D”Pnivn nvm nav 
,aunP uPn ’oPn nmn Piv D’aavP nPiv ’Pmvnn naivn amo .]nu»a viaP D’Pia’ uami 
nnKD napna i>>Pn”i>a pauppN ,p Pa prn naiaaa :*pPinP -panPi yao’nP Pia’ anmn 
na innvaann nva mi ,mnN ta nPipPina vamira nap aiv mnN nrvnnP ym> mPipPinn 
- anma qh” 3 mavun nmivnP ma’nna Daia ntaiaa ppnn .pauppN aiv rnPnP nivv 
maivun mPipPin pim .D’aiauppN ntapna )nm>a /viin mPipPini n”ivain D’aiauppN 
’Pnwn tnr ,yaaa aniNn au>Na .navaon pPnn mr .("nmPa" Napa a’imn Piv nr airn) n’avn 
a) nnaNp pvn pa m anN pvP anN py pa ,pvn *pna D’an>a )vun man pa nnannP Pia’ 

.(pvn *pna D’ivnnnn o’paann 80 % 
aima nPn .D’avunn marP iPai’ ia dPiv an« ama pmP nnN naa mvnann nP mrnan 
imnapnn ama nN aarvn paan >a aaann ,D’aa cmpnn amrP .anvna prn naivn ia D’iun 
nN naivn p’aPi ,-pPin amn N’n narnaa naanaw (pvn nniN) nnrPan nnvian nva pvnn 
aavP tnpnnn paaa .h’Pn pmaa nama narna mivnann naaivm .nnaapa ’Pnivnn nawn 
D’va D’nvamn D’aiaupPNn ,pvn Piv pnnnn ippna nivnann nnnvNan narnan ,vpapn 
ir maauatn ,div aauarnP ta’P’nnm ,pvnn a’nan narpp av (naiaan pva aaa) nun ’aPa 
•pwnnP D’Pia’ tamaupPrrni ,nauia narna naanaiaa av ’nipnn naivn nnarv nu na’aan 
aia’ar .vpapn av uvno vnnn ppm a’na ir pna aana nvaiv’Pm maivv nna pn .napnnPi 
ivun nun m’v Nivia Nin .(leader) paan "P’ain" mpa ,vpapn aavP iP ataatnn nnuPan 
anv Piaa ’avn ivun nNaivnP nnaia vpapp "P’am"n Piv imaapnn .ppip 5 *a Piv ’P’Piv 
Piaan ’P’Pivn ivunnn n’pnanm D’naa vpapn ’aoaiv D’anuppNn) vpapn ’aa Pv anvi 
Dar .nauia navaa naanaiv av .ta’uPia D’narvP pnua uaaa ,nnnN maiv D’aanai .(aaapnnn 
,"P’am"n aavP ’avn p>un Nina nPvn ’oPa vpapnn uivonnP P’nnnn ("streamer") nnrPon 
"return n) nr aPiva .vpapp pvn pa ’Pnivnn aia’nn maanvn nN D’Pivn nnma ivaonni 




jwvj* 9I *»9'm *i>y<n\ bK’*Jvi<> - 5 

»abtt nniyy bu> mr nnann ( 10' 6 sec) n»i\>>np»n *pn - np»yn mm nayb bia’ (stroke" 

.(10 4 -10 5 A) aaoN (»abN dino f)N D»n»ybi) 



mbyo 30,000 ny nyun nnmannn - n’iwn mimanoa m»nn n»»byb min n»ntm mm 
naa trøann nvaumaa Dnnnma man .nay bab tin y»an ombn mm i’rm -! ovrbs 

.nyin Nin nmny Dbnn ban ,yis»a nya ma pvna ,D»mtb nn« 

izr’nxr'p 

http://www.thebakken.org/electricitv/franklin-kite.html pa»ayn nnnn 
:nnnNa Nonnb mnpb inn po’ayn »io»n pbpna by my 
http://www.pbs.org/benffanklin/exp shocking.html 
/http://www.ushistorv.org/franklin/kite 
mnyn pya n’iynnn nubann nnnn 
http://www.ce-mag.com/archive/02/09/mrstatic.html 
»ab pnan nimpnn n« m^nnn nmnnn nvrn 
http://www.met.tamu.edu/class/Metr304/Severedir/LightningDir/lightning-stu.html 

:n»nnHa Ninpb uminb in»j »natnnoN bman by my 
http://www.ce-mag.com/archive/02/07/mrstatic.html 
/http://thunder.msfc.nasa.gov/primer 
http://www.srh.noaa.gov/mlb/ltgcenter/whatis.html 
http://www.glenbrook.kl2.il.us/gbssci/phvs/Class/estatics/u814e.html 
http://www.lightningeliminators.com/Lightning%20101/lightning glossary.htm 
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jirvn^i 'vy<n\ 


^*>vn 'tK'xrrv 


iy’ K“ji .'y-t*) -jirrfb t 3 -h> .yi^n ,|iy v njV *a* najo JP’7’9 'UPJ 

biy monb oyon in on’n tin mob J.J. Thomson ’b 33 Nn pnon n’bxn 1897 ruwa 
naoy pa inanb oipdn Nb ooon >aiN .poopbNn bu> ioi>p n« main pai , ’poopbNn 

myoo biy naoon pyh poopbNn noo biy naoon 
lin nio - ona ovoo 3 i>)’nb von R. A. Millikan ’NpnoNn pnon onv nniNO doip npya 

.) ou> maoa oooa poopbNn ]yoo on 
nia’on .TD’no oNxina ,»ai»n in ’b’biø lyooa nuyoi ba’o -pnb nioonon ioi2> ma>o 
nia dj byia naoa ba by ,’boipn miy nbyana .ooino nnanm oaian nia nyaipna mmis 
laian ma .no’on bioa do v ma»on nyon nmioa obn f ioino nniinn nia .>bo\yn 
|n nr asoa .q na’on p>ooa obn Eq >boi>)nn mam m oooa ooiba ,02020 bioa obn 
ivoo biy naibNn io’ob DNnna ,’djn pvaa ,noo in nbyn naisp nyona yob nimøy 
dn lim .myin maopa aiponp’on in noiianna ip’b’o obn myip >23 by myiy .na>on 
72 i 2 n ma .nanan bioa 031 v na’on nyon niimoa obn f ioino nminn tiid .pirvno 
tranen mrya .q nanan jyooa obn qE »boiynn niam ,m oooa noiba ,nanan bioa obn 
q naoa ba biy myooip nbo Nim ,nanan jyoo dn mno boa 7712b ip’b’o mbam D’aano 
lyon iiyb ip’b>o yon id .q = ne ioibD ,n »yao naooa e piopbNn jyoo bi» nbiaD Nin 
Dinna »na niyyiø onnym *pno yn> mn piopbNn ]yoo biø iiyn .piopbNn 
IP’b’o bip piym 227100 0002 .0002 piopbNn ]yoo iiy noa nny in .nt’biiopbNn 
-2 nar ]p’b’oi ,nvn n’baipon n’anyb ONinyna ,omia omnN biy pvna niNmn ibapnn 
0001 pnopbNn iyon mno :y*’ 2 iø mbnan movoon nmayn ’my niay bau onaa 1923 
.npn’ab 03 WN 7 nny bi>) D’U 37 ioo ip’b’o ’ioo nN o’y^ao ovn . 10 nopbNioian opaNa 
7 VN 2 ."novo ’3 np’O’a biy m’ONn Dbiyb" 12371000 biy 00020 o’ooab 212203 iyi 3 r>ai 
.v oyiap nn’002 oyi n’o ovind ]ni>> na»o by o>byiao nimao Doam 


.piopbun bo ’buon rvoon nip) nr bio 9 
.nr pna >b’nn ,5 naon mauo mbNoa nsp ona nfn .nnim mop pnaa ooaa nab) oopbNivnan opann 10 



JM'VJXO* 


'mntJVrø - * pT$ 



----- + + + + + + 

mg + f = Eq f = Eq + mg 

q = (f + mg)/E = ne q ~(f-mg)/E = ne 

miN ’bniyn m\ya n’by D’byian nimam nana *nma :19 ivn 


o«xi l nj3v jryxn* 4 

ji*nnp pp jc 


nmnnpbN nnnnb myniyn N’n .crt mani nyNiai cathode ray tube nmpa ir maiaiy 
mbima ymn pannn ’Niam niyannn tam nt "pan .aipraibnrniN mpan inyan myanNa 
ny nny .narraiaon -pann nr mn nan >ana -pyna .mian apynb iainn nbin nm« 
.nb« nmibnata nauab impn hn man mn D’ni\a\yn D’annn biy nmbnaian nmnannn 


* 


'K1$T ]1TUK .3 

nTOQ mm D*mn <ina nyn na\y maiyn nu mbaann mniy pnaN nuany nann mn»p 
mnna nnnn n’bmaaraia nynan nna”p *»a>aia na by maiiy nnip] pa .bmanaia mny 

.30pV-500pV 

mb’yaa .aay mn b\y in miy b\y npb ripan by mynb Dmiyy nbN mbmanaia »unan 
D’mr ,n”bn\yn nwm) n’bniyn msnmaam nnn»a nnnyn miym aayn mn nnibvan 
nmTNa pn nmnna .Cl' uba b\yi Na + pna biy ,K + pbiyN biy onv "bian" *pn (nnnn 
.mn bmaa D’bmaaiaia iynan nnaviy nnv man nnau uaua nnny 
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jirvjx^i 'vy<m 


''vyVTi bK’JOVp - $ pT$ 


unan nn*nn na\ø npna »mr .electro-cardio-gram b\y mam ’IPNI nn ECG 11 
’n\y pa trbN’aioian \>nan nN m\yn ab nmya bo .mNn <pja nmpi m> pa D’bN^noia 
nnan <pa misn .abn nirnya aspb tmnm nirnn nmpi »nu> bi pi nnnn .uaua nrnpa 
in >3 ,abn nnu) b\y mb’yan nu>pn by rmbb pva mani - nnmimp nmpa inta mbm 
.py an nibima yrn bapbi tn np’an nii’pn ,ab <ipnn bip nuynnnn nmysnNi piiNb 
mnnann b\y pi»n in ninpnb pim ayis’aa pN p by ,mwbia p>N nbN nipnaip pnn 


.D»mnn 



fata mbni d>jhp nmipn 6 -a omni D’nnnn .E.C.G. npna :20 h>n 


rp'vyji 'jpji^a tøh yip’v-ru'awi jimt .x 

pbnnn nin pbn bmitna .D’pbn naniya pm bnnn man n> by mbniynn mniNn "ni*”" 
,’niNna ptabi ’na’ao mnnb tmab biby bnipnn man maiiNa nbany niNn .nna Nin 
:naNn iira nu yjinrø (electrostatic precipitator) "mNPOinnpbN yp\yn" ind nNna 
nrsn onna .»nmn >b>ba nma pnb trannn n>iiN bip nibim nmni ny irn ,Dnn naNn 
’p’pbn nN pyob b»nn bip irpan .mi’sb nmm ’b’bw bNnnoioa ptmnn nay b>n pnin 
.pbiDQ nid tn»ni ,non boia p nnNi ,nirsn nuanb nnsi pyv>n naNn .’b’biø piana naNn 

.nma nnm ms”b nnini iyniyn Nim /ionj naNn 


howstuffworks.com/heart-diagnosisl .htm nn«3 ipab ybnia natm nN’-ipb .E.K.G o»anwn w > 11 










jirvj**>i 'vyxm 


’P^'em 'm'atjvty - % t»> 




t, r 


t 

«* 


t 

s 


f 

f 

r 


r 

l 

s 


S 

f 

f 

t 

r 

r 

t 

t 

c 


pim ,E innanyiy ttih ’Pniyn m\yn ,Ax nynyn mpnn q x ]yon *iuma 
:K’n iPiy n’pK’amnan nonaNi nanyn pPo\ynn n-nyn nnany 

AU = -(Éq x )-Ax 

:ta”pn ton n-røn nmp] >m> pa D’pNuauian t>nan 
AU 


AV = 


-E ■ Ax 


. i 7N‘>^3'oiD mrø mrøn Py niNsna ,mrø Pnuauia pPiy nmpan Pa ■ 
:’it>un >v Py jn’a iann r pmna q ’rmpa pnan Piy Pnomaian ■ 

.r = oopmn3 V=0 m>T 12 p <1133 nt PDU V -k — 

r 

.nppo Nin pN’sauian ■ 

pNuaoian ya ’P’Pid |yum jtnaP nua Pnuainan ya røain »avn iyun ■ 

.nuaP iioa 

maPnn oiaon Nin o”rmpa taoyoo irmp P\y FpNuaoian py ■ 


V = k^. 


<U 


, r, 


IJ 


IV = — irmani ,oPnn N’n SI norøa PNuaoian ivmv 
IC 

leV = 1.6 -10 19 J rvniON np’t’aa nPmpo noiaN rrrn’ 
V N 

.niPipiy — -1 — ’Poiynn n-røn nnany nn»tv 
m C 

.ip\y Dunn o’pPnno rrømnn ppioo iyoo na»Pn 
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’b^vn bN’*jvi<> - $ fn<> 


Nonon nopn jin otiojio aw’n 

.m ooooi 

na*nn pib mpnn pio nwi .10 
,ino .nuioo nnwn bo mionanon 
oinhii jin jiinoioo niwn invib 

imionaoon 

>bnonn nion Jiomv Jin>n’o nNnn .11 
.nb n jnbipo (V/m) -i (N/C) 

-•piopbNn m>n’ jin opnas 77in .n .12 

.(eV) obn 

no mon .'»12 eV n>niN ponob" .3 
,jiupnb in>D 7103 .11 m’»N jiivooo 
b7in n>niN ,p*iopbNb in ,ponab 

O’Vvtji 


T'TIK , *7^>VT1 TTV3 J1/1JJI 

uiomvo i>nK ’boon irro .1 
dk nho .nbvo pi3Q E = 3600N/C 
: o’bN^ioion onan 
Vb-V a .N 
Vc-Va -3 
Vc-Vb .1 
Vb-Vc .7 



,b-i a jmipii o>bN>3ioian ’37V .2 
Va = 200V on ’boon moi 
.Vb= 1000V -1 


mnan jvfiHv 


o’Nin o»bpn>an o>b7in pio ibNb .1 
bo JHiian ibNbi ,mopii bo JHiian 
,’boon m\y Jiomv ,miav nbNpo 
n>bM>^io'io nmiN ,bN’moia 

.joboon 

noN3 .+y T>*b piao ’boon mo .2 
>bio ’boon ivoo v’inb ijv>i pi>3 
?mon >t> bv obv miiv vsijijio 

.men 

bN>moia >110 o>noon vma 7ion .3 
3boon mvy mpb 7 >oji ooiinq 

ivoob o>on»Jio o>Nin o>a>von .4 
bo 11103 7 « vio ’ion >oain >mipi 
.7>nN >bnonn mo 
»lioib nin bN’moiao vi Nin ONn 
nb7i ibo JObN’sioian nmiNn ONn 
mon rniop in 
in nbii ibo jooopn nmiNn onh 

nion ?mop 

mo bo mol 711 vi >b’bo ivoo .5 

.7>nN •’bnon 
in iioib nin bN’moiao vi Nin DNn 

mon T-ja’nb 
nb7i ibo JobN’sioian nmiNn oNn 
mon ?niop in 
in nb7i ibo jooopn n’niNn ONn 

.nion ?niop 

n 70 Nin >ooonopbN >boon mo” .6 
nv’ip bo nnivooo jin nion ,'nooo 

.11 

■>boonn bN’moian onoo niwi .7 
>boonn mon bo imv nn .vnp 
mon ?m nwi 

nniim oivooo pvo pbio >ia vvtd .8 
?bN>moia nno nooo on 

n7on nnmv" : Nin oaoon jin 7ion .9 
bo oiN>77in Nin >boonn 
jibNO noi ,iib 10113 ."bN’sioian 
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jiwjxqi b^vn 


''vyvn l jK'xm$ - 9 


-/ 

r 

✓ 


/ 

/ 

/ 

1 

r 

j 

> 

* 
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& 
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i 


r 

i 

f 

# 

✓ 


r 

/ 

fv 

/ 


/" 

1 

/ 

r 

/ 


r 
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-b e-o vi q2 = - 2 nC ’mipi ivvd .n 
.q 2 bv mvn miav nN avn .f 

p>pbn .m>D> iiidd 7 >nN Povn jvrø .6 
nmrø q = 3nC uvvdv mvt iivv 
ran .Povnn mva a mipio nnnoo 
.Povnn niab mora ran taion niav 
mipib lOcm oapnn p>pbnnv nnN 
ravnpn raniNn nn»n ,b 

•610' 6 J Pv 

b mipin bv bNHivian tin avn .n 
. a mipib raora 
a mipin bv bNHivian jin avin .a 
.b mipib mora 
.Povnn mvn udsiv tin avn .1 
bv Povnn man miav >no .1 

?q ivuon 


SVlfOTUn 

.m 7111a qnn inijid n’Na .7 
ya mn nau oiNmi tin avn .n 
.x ypaa b-i a nnipin 



obiN nosn bv nuvnaoo .a 
.6°C N>n -rnvoa *ip oi>a nibovnn 
on i’iiNn pb ,nbvnb nbiv on miiN 
vinhh .mpnb 7100 mi> 
.0.5°C/m Nin naun ov mivnaoon 
6 m naiia mivnaovn jin avn 

.nomno 

ras 711 Nb bN>sioion tin injid n>Nn .8 
tin n>Nn 71J1D vap .praioa mbna x 


mavnb nvmn miavn jin avn .n 
niranoa 1 ) ,b oipob a oipoa yvim 

.(nviap 

mavnb nvmn miavn jin avin .a 
.b-b a-D ooiuim yP’D 

mva A mipia bN’sivion bni .3 
.-6V iaiv B mipiai ,6V Nin Povn 
na nvnmn miavn nN avn .n 
.B - b A - d ynupbN mavnb 
mavnb nvnmn miavn nN avn .3 
.B-b A-d onnopbN 1000 
yav mwa mvn nosiv nN avn .1 
,mnN mvn : y>ni .B-b A nnipin 
. 4cm Nin B-b A nnipin in pnnoni 
?Povnn mvn nosiv bv nnva ino 

o>nvo oP>apo o»aioi>N ninib 111 .4 
q = |-q| Hil p^o Pva oovvoa 
oPN>sivnan v*ion .ranN mv onsv 
oram mnom ,1000V ninibn ya 

.12cm 

.ninibn ya mvn nosiv nNavn .n 
. m mva yvno bv nian nN avn .a 
nNsinni nbNvn >nm 700 bv .1 
miavn nN avn /a 7>voa nbapnnv 
viv yvna bv vsao Povnn nianv 
.PPvb >ai>nn nibno 
raniNa >mvn nN avn .1 
nivsoNa iivinan bv nPNHivian 
yav oPNHivian vnani nvvo 
nbapnnv nNsinn ov nnvn .ninibn 
.nupPD poni ,u <yvt?a 

.-x iinaa yiao mnN >bnvn mv .5 
.f -1 e nnipin nnoioD x t>s piiNb 
Xf = -1.4m 1 x e = -0.6m ^ini 
.400V in>i>a oPNHivian vaan 
linm msn nN mvn nip nN *i»s .n 
. e,f nnipin nN iPvidoi 
nNSDi nnipin >nv i’aa ipn .a 
.navn nni> mai bN’siviaa 
mvn nosiv ban nN avn .1 

.’bovnn 

.f-b e-D vi qi = 5nC ’mipi pvo 
.q, bv mvn miav nN avn .7 


.n mvn i”if 3 fon nvona 1 
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rop’vy o>i?K>iov33£m 03<m tin 3on .12 
: niNin mo33Kn dn ^opbKt? 

.leV .k 
. 5eV .3 
2 ,12Mev .1 

oo *?\y nPK^^an no'tSHlT'fTi'rKiJQ .13 
2-10' lo m o>prvn«n D033upi>K 
Joule rmm’3 jrowTi ko 3 .nto m 

.eV-3 


'ro if vyoT\ nwa *m'xivi$n 
D"jmpj irj/v^ 

pmm >^oonn twiovosn tik 3 on .14 
pnno Km nt pmn .3303300 10' 10 m 
.OtOKn OVTlb O”03K 

*py prmpi 33)000 0.4m pnnra .15 
trm tik 3on .500V Kin i>K’30O33n 

■ 33 >oon 

Tiy prmp 3 33)000 0.3 m pmoi .16 
? 33 >oon !rm no .(-200V) !?K>3OO30n 

o>kso 3 -2(iC-i , 4.5|aC 003*00 oo .17 
tik 3on ,mo m 0.8m pnnon 
1>3 pmon rpsnon i?K’S3O30n 

.oo 3 >oon 

-3 qi = 6nC o^jvnpi own oo .18 
Ti303p03 o> 3 > 33 po qi = -4nC 

i3K*o3 f rrnpm .33>K3 oootoon 
g mipn ,oo 3 >oon oo y >2 3>*ok 3 
3on . q 2 -!? 3 >o>o 5cm pnnon nKsoi 

: TIK 



.f m3p33 !?K’30030n .K 
.g nripja i>K>ioo33n .3 


(u3m inop^N run l) IMeV = 10 6 eV 2 


<* 

—$ inj* 

,(+x) 33303 Irm-^oonn mon nomy 
.k -1 ,i-j ,g-h ,e-f o’ 03 nm (-x) 3K 



0033)03 0p’3p« J33f33t> 333 3>3 nTIOn .9 
03>3 K 3 H nTIOO 3>333) .3600V K3H 
no3n n>33Kn .(o>!?kooo 30 onont? 
’boonn mon no*33> 30K3 ppo 
o>33po .3-10 6 N/C qnvb nyoo 
.m!? m oPnpon rnmim T3K nnin3 
’!?3q ,03npt> 3 no nv30 pnno m>Ki> 

? mmtmo q3br> 33>ooo 


y*7ii -]nvp*7K 

303^3 ,+2e K3n ’33>n 33> t>0 333>00 .10 
oo 3303n ’bKioon D30Kno 
O3om >{K3a 33’n .00330pbK 

.AV = 200V 0^K>30033 
>3)>On T3K J T33T > n>3 30n .K 

nK3J3T33 33>n i?0 T3’03’pn 3033K3 

.nsKnno 

333opl?K J33*T > n , 3 m qnv 3on .3 

.(eV) ,oP3 

: n3 o3*nn nnon tik 3on .11 
3I33T>nOO 33 -IOpbK 33*3)i> .K 

.8.4-10 5 m/s 

3T333030!? 3330pt7Kn T3K 'pNTl!? 

?no-ibnnnn 

no’!?3 -ptmn ,< 13*33 3333 ) 333opi?K .3 

no .'3 - 3 ’K D 030 >P 3 3K3TI03 n3*K33 
moo n*T3p3n 3^3 oPK>3*303on onon 
n30 n*t3p3n i>3p ,V33P 33nop!?Kn t?nn 
rnm^nnnn 3D3-i>no tik 0333 K3n 


175 






/irvn^i V>vn 





om tin TU’no O rmpDn .r biyan 
.b3yan in bwyn ,yiinn 
jini V 0 "py tin yin 

,0 nripii, E 0 bovynn mvyn nniny 


m>t> b\y a-i q onvmnon mymNi 
: o>Nin o>*n>Ni o’iyvmn 







+q inn iy\m pmmb ni pbnvynn 
.qrco’Nb O o>b3ynn oma 


yivma by nysinan nriiyn .3 
.’bavynn non vp by g-b f-o niyvy 
mnyn >na ,iaipai inw qz dn .1 
nyni ’bavynn non ’T by rpvyyin 
?<ViP3’Nb qi iyvmn 

vy’ ,10’on oioNb Bohr bvy brian >ab .19 
pvrns 100 ninvmvy *pn> ynupbN 
pi pnmn .n>b3ya nyuna T>n> 
.0.53-10‘ 10 m ynopbNb pvrnan 
by byovy ’bavynn niin dn ivyn .n 

.ynopbNn 

n’bN’sivnon nmiNn nN ivyn .1 
.p’on oion bvy n’bavynn 
bvy n’oi’pn nmiNn tin ivyn .3 

.ynopbNn 

bvy nbbnn n’3i3Nn tin ivyn .1 

.DIDNn 

ttq 3 ,ninD mi oma r pnim .20 
’bavyn mvyi 50V bvy bN’iooo 
:ivyn. E = 200N/C inasiyvy 
. rbmnJiN .n 
. min by pioan tin .1 
yiT on ,min ovn tin .3 *• 
.100V ms by bN’iooianvy 

qi = q 2 = 5|iC o’m oayoa 3iv .21 
.mn m 6cm pnnm o’i^vo 

(cm) 

- -c 

b a 

"+ ■9 q — # ♦ - x (cm) 

-d 

: niNin mnp3ilbN’^3Don py tin ivyn 
.0 - o>mn n’vyNii .n 
.( 4cm, 0) nnFW a .1 
.(-4cm, 0) nniy’vyvy b .3 
.(0,4cm) nmy’vyvy c .1 
.(0, -4cm) nmy’vyvy d .n 

.bi3’yi bbnvya nvyrøo ,yii’n o’tpni .22 
ppm b nvyivyan yb* ,a yiann ybs 


176 








nrvj^i Vyrn 




]’a JiuV^jin 

03 VOOO OOIVO OO'blO O’-IITD OO .27 
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